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NITED STATES DEPARTMENT OF AGRICULTURE 


Washington, D. C. December, 1924 


THE ROLE OF. FIRE IN THE CALIFORNIA PINE FORESTS ! 


By 8S. B. Snow, Silviculturist, and EH. I. Kotox, National Forest Inspector, 
Forest Service 


INTRODUCTION 


In forest regions where fire commonly results in complete destruc- 
tion of the standing timber the role played by fire is definitely recog- 
nized and serious efforts are made to control this menace. 

In the California pine region, however, and in other localities where 
fires run through the forest comparatively lightly and only occasion- 
ally assume the dimensions of a crown fire, injury is less obvious 
and the consequences of fire both in mature and in growing timber 
often go unrecognized. 

Physical conditions in the pine forests of California have led to 
the frequent recurrence of fires for centuries, but the fact that mag- 


nificent forests still cover large areas and give the See of well- 


stocked, vigorous stands has blinded the public to the harm that fires 
have done and are steadily working throughout the whole region. 

Were it possible for the observer to visualize the entire area upon 
which pine has grown, and to behold it truly fully stocked, he would 
then see by comparison that the present California pine forests rep- 
resent broken, patchy, understocked stands, worn down by the 
attrition of repeated light fires. 

The true role fire has played in this region can be appreciated 
to-day only by careful scrutiny of the less obvious forms of dam- 
age. True, the thousands of acres of waste land or unproductive 
brush fields, the small stands of mature timber so isolated by brush 


_as to be inaccessible for logging, the areas on which the forest type 


is changing to less valuable species, the failure of cut-over lands to 
reproduce—all these are apparent enough, and tell an eloquent tale 


1 The pine region of Californiaincludes the timbered parts ofthe Sierras, the timbered parts of the north- 
ern. Coast Ranges that are away from the influence of the Pacific Ocean, and the timbered parts of the 
mountains of southern California. Itincludes the yellow-pine type, of which western yellow pine (Pinus 
ponderosa) is the principal tree, and the yellow pine-sugar pine type,in which western yellow pine grows 
in mixture with sugar pine ( P.lambertiana) andin which Douglas fir (Pseudotsuga tarifolia) , incense cedar 
(Libocedrus decurrens), and white fir ( Abies concolor) occur as associate treesin varying proportions. This 
typeis often called the mixed conifer type. The pine region alsoincludes the sugar pine-fir type where 
thetwo firs (A. concolor and A. magnifica) growin mixture with the sugar pine. Insome places the Jeffrey 
pine (Pinus jeffreyi) takes the place ofthe yellow pinein the stands or may grow with itin mixture with 
other species. Other typesinclude the yellow pine-white fir type and the lodgepole pine type, where the 
lodgepole (P. contorta) growsin almost purestands. A number of minor types are also recognized. 
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of the ultimate work of fire; but the connecting links between these 
conditions and the “‘harmless’’ forest fire are usually not known or 
are overlooked, so gradual is the cumulative effect. 

Fire scars and heat killing begin the destructive work and lead 
directly to burning down oi trees or susceptibility to wind throw, to 
insect infestation, to decay from fungous diseases. Each fire accel- 
erates the progress and effects of the next; each successive fire adds 
its often imperceptible weight to the force of attrition that thins the 
stand, weeds out the finest individual trees, and gradually reduces 
the forest in quality and quantity to the point where the returns will 
not justify the cost of logging. Where logging has been in progress, 
the broadcast slash fire sweeps over with perhaps little apparent 
permanent damage; but in its path reproduction, the basis of the 
new forest,is gone and will return only after many decades. The 
few seed trees left are weakened and are prey to the first strong wind. 
Brush sprouts from the unburned roots and gains the mastery. The 
next fire will blaze as fiercely as the slash burn. If any tree seed- 
lings are still striving to regain the land for timber, they will be wiped 
out completely. At the borders of the brush field, the skirmish find 
of timber and brush, the fire will attack the vanguard of the forest 
with all the strength of a crown fire, and the forest will give way 
" again before it. 

These are the links in the chain. Once they are seen and under- 
stood, fire in the California pine region can no longer be regarded as 
the friend of man or a negligible foe. Its réle of destroyer is as 
unmistakable here as elsewhere. 

The habit of thinking of the forest as an inexhaustible source of 
material, to be mined rather than grown as a crop, has been an ob- 
stacle to a general appreciation of the destructiveness of fire. 

Another obstacle has been the difficulty of obtaining the facts 
regarding damage, and the consequent ease with which the case 
could be overstated or understated. Although the importance of fire 
damage was recognized by the earliest administrative and investiga- 
tive officers of the Forest Service working in California, and although 
estimates of fire damage have been made a part of each report ever 
since systematic fire protection was begun in that State, the figures 
compiled have proved to be in general very much below the actual 
damage (23) .? | : 

How seriously misleading these figures may be is shown by a cruise 
of five large fires made after a considerable lapse of time. ‘This criti- 
cal survey disclosed a direct loss of 2,000 board feet to the acre, in 
contrast with the orginal estimates, made directly after the fire, of 
only 525 board feet to the acre. Thus with few definite facts to work 
with, much misstatement of the situation, and in some cases unreli- 
able data, it has in the past been difficult to bring out any reliable 
and convincing estimate of fire damage. 

The object of this bulletin is to present the available facts of fire 
damage. ‘This is attempted by means of a careful examination of 
the various forms of damage, both direct and secondary; by an esti- 
mate of the seriousness of each form of injury, of the immediate loss 
and also of the indirect cost; and by a survey of the effect of such 


41 Numbers in italics in parentheses refer to ‘Literature citied’’ on p. 80. 
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losses on the future timber supply and on the problem of forest 
management. An intensive study of ‘‘light-burning” experiments 
and some discussion of possible beneficial uses of fire apart from 
light burning is included. On the basis of these observations the 
effort is made to present a workable theory of fire protection in rela- 
tion to forest policy. 

The need for study of the actual physica action of fire was early 
recognized, and by 1911 studies of the fundamental facts of fire 
damage were begun. Some of these investigations have been con- 
tinued up to the present, and include the effect of surface fires in 
reducing hazard, the relation of crown injury to rate of growth, the 
effect of repeated fires on the enlargement of fire scars, the influence 
of fire on the forest type, and the relation of fires to insect epidemics. 
Supplementary to these studies, careful cruises on many large fires 
have been made in the attempt to supply more general figures of the 
average rate of loss by the acre on such fires. As these figures were 

athered a sufficient length of time after the fire to permit determin- 
ing the actual extent of damage, they have been used in this bulletin 
in preference to those in the original fire reports. The writers have 
also had the advantage of observational data collected by themselves 
and other forest officers in this region during the past 12 years, and 
have used freely the material of many others who have made special 
investigations of fire in relation to forest insects, tree diseases, and 
related problems.* 

The result is not claimed to be the final word on this important 
subject. Detailed study by many men for more than a decade, how- 
ever, now permits the drawing of a reasonably complete, accurate, 
and well-balanced picture of the part fire plays. 


FIRE HISTORY OF THE CALIFORNIA PINE REGION 
DATA FROM FIRE SCARS 


The history of the periodic fires in the virgin forests of California 
throughout the past centuries—fires which have largely determined 
the present condition of our forests—is derived in some measure 
from written historical evidence, but mainly from the careful study 
of fire scars on the trees themselves. Fires record themselves on 
living trees by killmg or burning away part of the outer bark, the 
inner bark, and the wood of the bole. en such scars are formed, 
an immediate attempt is made by the tree to cover them over with 
new wood which grows from the living edges of the inner bark 
toward the center of the wound. With no further reopening, the 
wound will eventually heal completely over with wood and bark and 
become a concealed scar. The date of such an injury can years 
afterwards be accurately determined by counting the number of 
annual rings that have formed in the callous growing over the scar, 
plus any rings that may uninterruptedly cover the scar after com- 
plete healing has taken place. Furthermore, because the face of the 
wound is charred, a scar caused by fire can be distinguished with 
certainty from scars of injuries caused by lightning or mechanical 
agencies. 


8In this connection the writers desire to make specific acknowledgment to Swift Berry, Ralph 
Hopping, Duncan Dunning, F. D. Douthitt, and D. K. Noyes. 
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Repeated fires in a scar, resuiting as they generally do in enlarging 
the wound, often obliterate the successive callouses and render impos- 
sible a precise determination of the number of fires that have caused 
it. Nevertheless, if a sufficient number of scarred trees can be stud- 
ied in detail, it is eee: ossible to reconstruct with essential com- 
pleteness the fire history of a given area. 

The most complete records bearing on fire scars for California were 


obtained by Boyce (3) in his study of dry rot in incense cedar. For 


each tree studied the dates of all juries were determined with un- 
usual care, since it was essential to know how long the decay had 
been working in a particular tree in order to determine the age of in- 
fection, the rate of growth, and the rate of spread of the fungus. 
This study was conducted on six areas extending from the Klamath 
National Forest near the Oregon line through the Sierras to the Sierra 
National Forest near the southern end of the great belt of the Cali- 
fornia pine region. It was to be anticipated that these investigations 
would disclose with reasonable completeness the fire history of the 
fe ee within the period represented by the age of the trees 
studied. 


RECURRENCE OF FIRE YEARS 


In analyzing the data from fire scars each area was treated as a unit 
and the dates of all fire injuries were plotted on cross-section paper. 
From these charts it was at once evident that certain years in the 
record were characterized by a large number of scars and might 
safely be considered fire years. Even with the slight errors that 
are iikeely to occur in counting the rings—errors that no doubt 
account in part for a sprinkling of fire scars in the years between 
the principal peaks—there was no reason to doubt that in the past 
the forests have been subjected to periodically recurring fires. 

The earliest date of past fires found on any of the trees studied 
was 1530, and for more than a century after that date comparatively 
few scars were observed, for the reason, no doubt, that of the trees 
growing in the sixteenth and seventeenth centuries only a few have 


survived to the present.’ There is the further fact, already explained, © 


that repeated fires in a particular wound tend to obliterate the evi- 
dence teuiber fires, even if they do not destroy thetree. From about 
the year 1700 on the frequency of the scars is such that the fire his- 
tory of most of the areas studied can be stated with a fair degree of 
precision. 

During the past three centuries the years 1685, 1690, 1699, 1702, 
1708, 1719, 1726, 1735, 1743, 1747, 1750, 1757, 1766, 1786, 1796, 1804 
1809, 1815, 1822, 1829, 1887, 1843, 1851, 1856, 1865, 1870, 1879, 
1889 are indicated cleary as years of extensive fires. Naturally 
enough the latter part of the record is marked by a greater num- 
ber of scars than the earlier part, owing to the oradual elimination 
of the older and more heavily scarred trees. 

During the two centuries for which the data can be regarded as 
fairly complete 25 clearly marked fire years are found and it isa fact 
of high significance that this general average periodicity of eight years 
holds true for all areas studied. The shortest period between fire 
years is 3 years and the longest 11 years. 
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Huntington’s investigations (13) of big trees (Sequoia washingtoni- 
ana) enable us to carry the fire history even further into the past 
than the study of the relatively short-lived pines, firs, and cedars. 
Although the fire history depicted by the big trees is fragmentary 
indeed, it is shown that back as far as 245 A.D. fires occurred in the 
pine region in restricted localities in which the big tree is found. 

Whether these early fires were light or heavy there is no way of 
determining, the records on surviving trees merely indicating that 
fires occurred. The fact that a forest of a sort was able to survive 
these frequently recurring fires would indicate that most of them were 
in all probability light surface fires. 


CAUSES OF EARLIEST FIRES 


The causes of the fires of the past are, in most cases, not known. 
Fire records for 10 years in the California pine region show an average 
of 350 lightning fires every year, andshow also that even under system- 
atic fire protection some have attained enormoussize (23). For the 10- 
year period ended 1920 an area of 415,000 acres was burned over by 
fires from that cause. The zone in which lightning fires are known 
to occur embraces an area of nearly 11,000,000 acres, and coincides 
in general with the commercially important portions of the California 
pine region. It seems evident that lightning must have been an 
important cause of forest fires in the past as it is to-day. Exam- 
ination of felled trees discloses lightning scars dating back as 
far as the occurrence of fire scars themselves. Natural agencies, 
therefore, have been a big factor in the occurrence of fires and in 
molding the condition of the present virgin forests. 

The forests were long inhabited by the Indian, a user of fire, and 
he also has been a cause of forest fires. A persistent tradition, much 
discussed in the last quarter century, holds that it was the regular 
practice of the Indian to fire the forests as frequently as fire would 
run through them (78). On this hypothesis much has been said and 
written extolling this primitive race as the original foresters and 

uardians of our forest resources. Without reciting in detail the con- 

icting statements of fact and surmise on the Indian as an agency 
responsible for forest fires, it may be said that in some parts of the 
pine region he undoubtedly fired the forests or at least regarded forest 
fires with equanimity, titlile in other parts of the region the evidence 
is just as conclusive that he regarded forest fires with fear and did not 
deliberately set them. In any event, his motive had nothing to do 
with the forest as a growing timber crop. It was to his interest 
to prevent the growth of brush and reproduction which would hinder 
aut in hunting, and this purpose was admirably served by the use 
of fire. 

The advent of the white man, particularly the influx during the 
forty-nine gold rush, brought an additional risk. The written his- 
torical records of the period, though extraordinarily meager on this 

uestion, indicate that the early miner was the cause of many forest 
res. He, like the Indian, had little interest in the forest as a growing 
crop. Along the Mother Lode, where the camps were located at the 
lower edge of the yellow-pine belt, the supply of virgin timber was com- 
pletely removed for mining purposes, and mostly during the sixties. 


6 BULLETIN 1294, U. S. DEPARTMENT OF AGRICULTURE 


As the early placer diggings were worked out and quartz and hydraulic 
mining became an important pursuit, prospecting extended in all di- 
rections. There is evidence that these early prospectors found them- 
selves hampered by brush and young growth, and adopted the practice 
of setting fire to the woods in order to facilitate their search for gold- 
bearing outcrops. Whether or not the early miners did actuaily 
= fires, it is certain that they had little mterest in controlling 
res, 

Certainly, the earliest reports of forest fires in California, those by 
Hough (1/2) and the California State Board of Forestry (5), make it 
clear that fires caused by white men were both common and exten- 
sive, and even in the eighties gave much concern to thoughtful 
observers. In the scanty forestry literature of the last quarter of 
the nineteenth century, comparatively little mention is made of the 
red men as being responsible for fires. Later history points to suc- 
cessive industrial developments such as grazing, railroading, and 
lumbering as causative agents in forest fires. 

It is clear that fires have occurred periodically as far back as the 
record is traceable. ‘The pine forests of California have thus been 
subjected to a cumulative process of attrition by fire, a process that 
is still at work in the forests and which is examined in detail in this 


study. 
FIRES IN THE VIRGIN FOREST 
INJURY FROM FIRE SCARS 


The virgin forest is characterized by the prevalence of fire-scarred 
trees, including particularly the oldest and largest individuals which 
have been longest exposed to fires. How such scars are started is 
easily explained by examining any forest area. On slopes the fire 
scars are invariably on the uphill side of the trees, where masses of 
litter, twigs, limbs, and similar material naturally accumulate, show- 
ing that fire scars originate usually from the burning of a mass of 
material against the bole of the tree. Nor does the amount of ma- 
terial necessary to start a scar need to be very great. 


FORMATION OF SCARS 


Study has shown (15) that the first stage in the formation of a scar 
is frequently no more than the killing of the living inner bark with- 
out burning away the outer bark, which at first remains closely 
adhering to the sapwood. Such a hidden scar, as shown in Plate I, 
may give no surface indications of its existence for many years. In 
the healing process, however, callouses form beneath the bark around 
the edges of the killed area of inner bark and, gradually growing in 
from the sides, force the bark away from the dead sapwood. This 
bulging growth of the callouses causes the dried bark to crack and 
split, and to drop away in pieces until finally the sapwood is exposed. 
Subsequent fires have direct access to the wood and are enabled to 
burn into the base of the tree, forming cavities in the butt. 

On an experimenta! light-burning plot‘ on Snake Lake 321 
trees were tagged and described in detail before the area was burned 


4 ‘Light burning,’’ as advocated by certain timberland owners, is a method of intentional, supposedly 
controlled burning of forest litter at comparatively safe seasons, with the object of reducing fire danger 
by decreasing the quantity of fuel on the forest floor. 
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in 1919, in order to follow the formation of new scars and the exten- 
sion of old ones. In 1923, as a result of two successive burns 8 of 
the 72 originally unscarred trees (or i1 per cent of the total trees in 
this class) had developed new fire scars. A study of the detailed 
notes of each tree shows that in most cases the new scars were formed 
where a down log or a heavy accumulation of débris against a tree had 
burned. While these figures are not to be regarded as conclusive in 
showing the average rate of formation of new scars, they are signifi- 
cant in proving that even the very lightest fire, such as this was, 
may result in the formation of new scars because of intense heat 
developed locally in the course of the burning. 

Of the trees on this area originally scarred and reached subsequently 
by fire, 5 per cent were burned down, 8 per cent were killed by other 
causes, 5 per cent formed new scars without enlarging the old ones, 
71 per cent showed extensions of the original scars, and only 11 per 
cent showed no extension of the oldscars. On only 13 percent of the 
scarred trees which survived the fires were the scars not enlarged. 

This light-burning study showed the average dimensions of the 
original scars on 95 of the trees to have been: Width, 2.01 feet; height 
4.5 feet; area 4.52 square feet. 

As might be ene, the extension of the scars after the two fires 
was mainly upward. This isshown by the new measurements, which 
were: Width, 2.56 feet; height, 5.25 feet; area, 6.72 square feet. 

The average increase in scar area thus amounted to 48 per cent, 
as shown in the following extension figures: Width, 0.55 foot; height, 
0.75 foot; area, 2.2 square feet. 

The magnitude of the extension of a scar depends in the main on 
the size of the original scar, for the larger the surface area burned 
the longer continued and more intense will be the heat released in 
the new burn. The tendency toward acceleration in this form of fire 
damage points to a law that will be found true in most forms of fire 
damage. That is, a process of loss from fire once started gathers 
momentum with each succeeding fire and finally results in total loss 
of the individual tree or of the stand. 


SUSCEPTIBILITY OF VARIOUS SPECIES TO FIRE SCARRING 


The following percentage figures, based on open fire scars and re- 
ported by Lachmund (14), give an indication of the relative suscep- 
tibility of the important species to fire scarring: Incense cedar 61.5 per 
cent, western yellow pine 42.7 per cent, sugar pine not given, white 
fir 25 per cent, and Douglas fir 17.2 per cent. 

On the Snake Lake plot the figures are: Incense cedar 72.2 per 
cent, western yellow pine 51.2 per cent, sugar pine 54.95 per cent, 
Douglas fir 40.5 per cent, and white fir 15.1 per cent. det 

The two sets of data agree in a genera] way in showing incense 
cedar to be the most susceptible species, the two firs the least sus- 
ceptible, and the pines intermediate. On the Snake Lake area the 
low rate of scarring on the firs is due largely to the fact that these 
species generally grow on the northerly slopes where fires have been 
less frequent than on the drier aspects where the pines and cedars 
are more abundant. The inflammability of incense cedar bark is 
largely responsible for the susceptibility of this species, the bark of 
the firs and pines burning very much less readily. 
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Similar evidence has been obtained from 12 acres of mature timber, 
comprising 445 trees of 12 inches diameter breast high, in what is 
known as the Moffitt Creek area. Fires are known to have occurred 
here in 1822 and 1850, with present day results as follows: 

Of 353 yellow pines 76 are scarred, or 21.5 per cent. 

Of 10 sugar pines 4 are scarred, or 40 per cent. 

Of 65 Douglas firs 4 are scarred, or 6.2 per cent. 

Of 17 incense cedars 4 are scarred, or 23.5 per cent. i 

Of the 445 trees, 88 in all were scarred, or 19.8 per cent, and the 
distribution of this injury indicates again that Douglas fir is less sus- 
ceptible than yellow pine to fire scarring. 


BURNING DOWN OF SCARRED TREES 


In studying the action of present day fires a careful observer can 
not fail to note that one inevitable result is the burning down of pre- 
viously scarred trees. Nearly everywhere in the virgin forest these 
scarred trees, usually the oldest and largest individuals in the stand, 
are evidence that fires have taken their toll, and that the forests of 
the present have been markedly influenced by the action of centuries 
of repeated fires. 

The final step in burning down is a purely mechanical process. The 
repeated fires, gradually eating into the base of the tree, destroy so 
much wood that the tree is unable to withstand mechanical strain 
placed upon it. Thisin part explains why the very large trees, which 
contain a high percentage of upper grades of lumber, are so suscepti- 
ble to this form of loss, though they are ordinarily fairly immune to 
other forms of heat injury. Table 1 shows that this kind of loss has 
occurred in every one of the large timber fires in this region of which 
an accurate appraisal of damage has beenmade. (PI. II, figs. 1 and 2.) 

The prevalence of burning down is perhaps the most striking 
feature of this table, but a pomt of almost equal interest is the 
relatively constant amount of loss that has occurred on burned areas 
where the fires were of widely varyimg intensity. For example, in 
comparing a fire with an extremely high intensity of heat, such as 
the Howard fire, to one of only a moderate intensity, as the White 
Horse fire, it is found that loss from burning down is less variable 
than might be expected. Likewise, on the Snake Lake fire, which is 
an experimental, early spring light burn of as low intensity as pos- 
sible, the loss per acre from burning down is of about the same mag- 
eee as on the Ham Station fire, which was a hot and destructive 

all fire. 

Without intimate knowledge of the forests of the California pine 
region and of the nature of forest fires, the reason for the striking 
uniformity of the damage from burning down and the prevalence of 
this form of loss might he difficult to isolate. On trees of several of 
the important species in this region, such as western yellow pine, 
sugar pine, and Douglas fir, once an open scar is started a heavy flow 
of pitch is put forth which covers the surface of the wound. With 
this highly inflammable coating, it is only necessary for a fire to 
reach the base of the tree to cause an enlargement of the scar, since 
the pitch on the surface and the pitch-impregnated wood of the 
wound burn fiercely for minutes and often hours after the main fire 
traveling on the forest floor has passed. 


PLATE | 


lture 


Icu 


Dept. of Agr 


Bul. 1294, U.S. 


00.1} OY} JO OSL OY} JV UMOYS sB ‘TOQUIN[ O[TGVNIVA JO Ssor AAT B YIM ‘UL Jos ApRalre sey Avoocq 
*Ainful ory JO soyvtiyso Ajsvy UL A[OITYUO poYOoO[toao 0WjO ov ‘1wos UddO dy} UBY} 90.1} OY} 07 [NJULIBY sso[ OU ‘spunoAL 
Uspply YONG ‘pooai pvop oy} 1OAO UO YAvq sjt doy svy A[snorAoid savod TZ oly AG poyosoos ould MOTJOA ULO}SOM YOUL-gp y 


yVvOS SHL JO vauy avaqd 3HL—Z ‘DIS yvOS 3Y¥I4 N3aGdIH vW—'| ‘DIS 


V-6119b-4 V-8119b-4 


Bul. 1294, U. S. Dept. of Agriculture PLATE II 


F-46115-A 


Fic. |.—A RESULT OF REPEATED FIRES IS THE ENLARGEMENT OF FIRE SCARS 


The final stage is the falling of the tree, unable longer to support its own weight 


F-166246 


FIG. 2.—BURNING DOWN AS A RESULT OF REPEATED LIGHT FIRES REDUCES 
THE QUALITY AS WELL AS THE VOLUME OF THE FOREST, FOR THE BIGGEST 
AND FINEST TREES USUALLY SUCCUMB TO THIS FORM OF FIRE INJURY 


Every tree in the foreground of this picture has a fire scar 
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The latter part of Table 1 shows the manner in which this rela 
tively even loss occurs. On the Ham Station fire, for example, the 
trees burned down averaged one 42-inch 7-log yellow pine on every 
11 acres burned over; one 40-inch 7-log sugar pine to every 40 acres 
burned over; one 36-inch 5-log incense cedar to every 15 acres burned 
over; and an occasional Douglas fir and white fir tree. The loss on 
the other fires studied in detail was of the same general nature; that 
is, only an occasional large tree succumbed to the flames, and on only © 
one of these fires did this loss exceed one tree to the acre. 

Of certain conspicuous exceptions involving unusually heavy losses, 
the most outstanding in this table, both as regards actual board-foot 
loss and destruction of trees per acre, are the Moffitt Creek and the 
Pilot Creek fires. ‘These exceptional losses are traceable to the pre- 
vious fires in the stand. Jxamination on the ground made it quite - 
certain that fires have been more frequent on these two areas than 
on the other areas of virgin forest studied, or for that matter, more 
frequent than the average for the pine region of California. The 
Moffitt Creek area represents the maximum damage so far encoun- 
tered in number of trees down. The loss recorded amounts to more 
than one tree to the acre, or very nearly 10 per cent of the total mer- 
chantable stand. 

Once fire reaches the base of the trees the main factor which deter- 
mines the amount of loss from burning down is the prevalence of scars 
from previous fires. In the California pine forests, the amount of 
inflammable material, general intensity of the fire, season of burning, 
rate of spread, and similar factors are only secondarily important in 
the final outcome. 

This loss for any particular area, therefore, must be anticipated, 
whether the fire is light or heavy, and whether it burns in the spring, 
summer, or fall. Although the elimination of an occasional tree is 
ordinarily inconspicuous and a loss easily overlooked, nevertheless it 
averages 930 board feet per acre, a factor to be reckoned with. 

Furthermore, the process of attrition, which results in the burning 
down of an occasional tree, speeds up when fires on a particular area 
are frequent, for the scarred trees then have little opportunity to 
cover over the wounds with a new layer of wood, and each new fire 
capital in full the effects of previous fires. 

n any case, the resultant loss is peculiarly unfortunate because of 
the very large and high-grade trees that succumb. Stumpage apprais- 
als on the Ham Station fire, for example, show that while the average 
percentage of upper grades in the entire stand of yellow pine and 
sugar pine is 40 per cent, for the trees of these species burned down 
itis more than 60 per cent. Thus, aside from the loss of actual ma- 
terial, burning down results in a lowering of the quality of the stand. 


DIRECT LOSS OF WOOD AND REDUCTION IN GRADE 


So far fire scars in standmg, merchantable trees have been con- 
sidered only to the extent that they may ultimately result in the loss 
of the tree through burning down. In many cases, however, a single 
fire does not result in the loss of a tree but does burn out a certain 
amount of wood in the butt log, and, in the case of the two pines and 
Douglas fir, causes the wood surrounding the fire scar to become very 
pitchy. Although this direct loss of wood is not a high percentage 
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of the total tree volume, it includes that part from which the clear 
erates of lumber, the highest quality of material in the tree, are ob- 
ained. 

A study made in 1911, covering 155 sample trees in the yellow pine 
region of eastern Oregon, an extension of the California pine region, 
disclosed the fact that 42 per cent of the merchantable trees were fire 
scarred. On1,184 representative trees in Grant-County, Oreg., 23 per 
cent of the butt logs were fire scarred, not counting stumps from which 
the trees had been cut high enough to avoid the scars (19). Of these 
logs 18.6 per cent were so badly scarred that an average of 46 board 
feet, or 14 per cent of the full scale, had to be deducted from the 
total log scale. A typical scar of this sort is shown in Plate III. 

A study of cause of cull for a typical mill in the Sierra region 
showed that more than 50 per cent of the total cull was due directly 
to fire and that this loss amounted to 9 per cent of the total scale of 
defective logs. Table 2, covering this study, shows, beside the direct 
loss of wood from fire, the total loss due not directly to fire but to 
decay, entrance of which is generally through fire scars.° 

No detailed figures are available showing the reduction in lumber 
grade on account of the increased amount of pitch surrounding fire 
scars. That there is such a reduction is a wall dccanthid fact. This 
reduction is of particular importance because it affects those species 
which furnish the most valuable pine lumber. 


TABLE 2.—Comparison of cull due to fire and other causes in western yellow pine 


logs? 
| 
A verage | Reduction 
: diame- Gross Net 
Kind of defect ter of seale scale | 


Total 


log In class 


Inches |Board feet| Board feet| Per cent | Per cent 
24 4 732 1523 


Ware SCAR sass eee Coe ee she 11, 490 9, 732 4.72 
@atfacen Sa es ee ae oe eee 20 660 400 39. 4 0. 70 
Burned butt_..--.----------------------------------- 25 460 428 7.0 0. 09 
Hire scananG: piichseee se eee eee eee ees tS 23 1, 880 1, 204 36. 0 1. 82 
Bire'scan and: centernrote-s" 25-4. 782s ce Se 28 580 517 10.9 0.17 
Hire scar andistumipirOb nc 2 oo ee os oe ee 29 3, 040 2, 485 18.3 1.49 
TOE AIG UIC tA be ee ees ee ek ee ae pos Sey See 18, 110 14, 766 18.5 8. 98 
@ull’not duotto: nrewss 2s: 22 et Sse a esc [PS uae 19, 110 16, 043 16.0 8. 24 
Totals allesusese.= 55528 a s.-8 Pha irae Ss ey Meg Sect ae 37, 220 30, 809 175.2 17. 22 


1 Basis, 106 defective logs, on Plumas National Forest; Delleker Mill scale. 


DIRECT HEAT KILLING 


An always obvious form of damage to merchantable timber 1s 
direct heat killing. This occurs when fire has swept through the 
crowns of the trees, burning up the foliage completely, or when fire 
on the forest floor has developed such heat that the foliage and buds 
are killed without being consumed. Occasionally the mner, living 
bark on the trunks or on the roots near the surface of the ground is 
killed by long-continued intense heat from burning logs or deep layers 
of litter and duff. 


5 The influence of fire on decay is treated more in detail later. It is sufficient here to note that decay is 
one of the invariable secondary causes of loss of timber directly chargeable to fire. 
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This form of damage is always strikingly apparent immediately 
after a fire, for the fire-blackened trees or those with brown foliage 
stand out in strong contrast to the living forest. 


CONTROLLING FACTORS 


In the virgin forests of California, the severity and extent of heat 
killing varies greatly, depending on a wide range of factors. In the 
field study of direct damage to merchantable timber, 15 large fires 
with an aggregate area ol 52,100 acres were carefully cruised long 
enough after the fire so that the amount of fuel and. the extent of 
damage could be accurately related. The facts are given briefly in 


Table 3. 


TABLE 3.—Direct damage to merchantable timber by heat killing 


Oniled | Val 
pear ille alue 
Name of fire and type of cover Area Area, heavily per acre | of loss 
g on total | per acre! 
area 
: Acres Acres Per cent | Board feet 
Ham Station—Bear clover, and brush..-._...______- | 9, 485 310 308 550 $0. 54 
Bear River—Bear clovers:2-. 222. 2200 £8 3 Se Ae 500 7 1.4 38 08 
Slate Mountain—Bear clover .__.__-.__2_--_--2_-s--- 350 Jee oe Abele eee 50 ~10 
Butler Meadows—Some brush_____--______-__-______ 1, 120 18 1.6 230 . 66 
Piloti@reek—Someibrush]2 2. 35 Sa ee eee 380 10 2.6 250 25 
Witte: Eorse——Some -brush®.2 2 ee ee ee 20, 500 2, 300 AT? 1, 590 3. 90 
Howard—-Heavyabrushe 6 aks. Bue Oe ee ee 700 700 100. 0 10, 900 16. 40 
Hoey Heaw,y; -DruShsene eee os eee ee 410 410 100. 0 2, 820 8. 50 
Soda @reck—=El Ca Vey DLUSH 2. 2 ee es Obrien 1, 200 480 40. 0 2, 340 5. 50 
Ferris Creek—Heavy brush___.__._______________--_-- 4, 635 2, 220 47.9 3, 360 6. 90 
WiGeG=— ML GLOPDRUSH sai. en ie eee ape Me ee 2, 000 30 15 220 . 66 
Quincy Junction—Medium brush__________________- 200 30 15.0 2, 100 4. 50 
Moffitt Creek—Medium brush_-_-________.__________- 10, 000 1, 210 12.1 1, 425 2. 90 
Lassen- Walker—Heavy brush__________-________-.__- 220 220 100. 0 3, 350 5. 50 
Boardman Ridge—Medium brush_________________1- 400 40 10:0 1, 390 2. 03 
Average (welghted):.2 122 ese. SRR sieve fe aola| EM sh opal Se 1.8 1, 570 3. 32 
“ABO ea | (ee ae ee ear er mee ercipe nee eee ee CaN 52, 100 


1 Based on the average minimum stumpage prices of the Forest Service for this district, which for the 
five species concerned are: Sugar pine, $2.75; western yellow pine, $1.75; Douglas fir, $0.75; white fir and 
smcense cedar, $0.50. 

By far the most important factor in heat killing is the amount of 
inflammable material on the forest floor, such as litter and duff, and 
the understory ‘of grass, weeds, undergrowth, and reproduction. I 
the individual fires are examined in detail, it is seen that the most 
serious damage has resulted where a large amount of brush was 
present under the timber stand. The least damage was found where 
the inflammable material consisted of needles, twigs, and bear clover.® 

Topography is a factor of great importance. Fires starting near 
the bottom of a slope gather momentum as they travel uphill, and 
the timber on the upper slopes and ridges must bear the brunt of 
the increased intensity of the flames. Gulches and saddles often 
tend to act as funnels for the wind, developing intense heat and 
causing great damage to standing timber. On large plateaus where 
there is no topographic interference to the uninterrupted sweep of 
the wind, fires are often fanned to intense heat over a wide front, 
resulting in heavy damage to timber. 


6 Bear Clover (Chamaebatia foliolosa) is a low-spreading shrub which burns very rapidly, but has only 
a little fuel substance, and therefore burns and retains heat for oniy a short time. 
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F-54561 


A RESULT OF REPEATED FIRES THROUGH PAST CENTURIES 


The highest grades of lumber are obtained from the first, or butt log. This is the point of 
attack of every fire scar, which, as it is enlarged, not only burns its way into the heartwood 
but permits the entrance of fungi, a very destructive agent. Fire protection can not save 
this big fellow, but its results are clearly seen in the amount of reproduction already estab- 


lished near by 


PLATE IV 
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Climatic factors also exert an important influence in determining the 
damage that fires will do in a particular stand of timber. Excessive 
dryness and high winds favor rapid spreading and intensity of fires. 
Normally, summer fires occur under drier conditions than those of 
spring and late fall. 

The stage of growth of the forest at different seasons is also a 
factor in damage. In spring or early summer when the tree is grow- 
ing actively, a tree is more likely to be killed by a given volume of 
heat than during late summer or fall when the tree is less active and 
the heavily protected winter buds have been formed. 

The density of the stand itself is a factor which must not be over- 
looked. Open stands not only offer less interference to the sweep of 
wind than do dense stands, but usually have an understory of highly 
inflammable grass, brush, or reproduction which utilizes the space 
and moisture. A dense, closed stand of timber, on the other hand, 
will more readily develop a true crown fire. Such fires are the rule 
in dense, even-aged, second-growth stands where there is an uninter- 
rupted tree canopy. 


PREVALENCE OF HEAT KILLING 


One of the most striking features brought out in Table 3 is that in 
every fire but one a certain percentage of the burned area shows 
heavy loss from heat killing, heavy loss here being defined as the 
outright death of 50 per cent or more of the merchantable timber on 
any area. Heavy damage was found on as little as 1.4 per cent and 
as much as 100 per cent of the total burned area of the different fires 
studied, with a general (weighted) average for all of 15.3 per cent. 
Table 3 thus shows that no nee fires occur without a certain amount 
of heat killing. What will happen in any particular stand is a ques- 
tion of degree rather than of kind. 

The average (weighted) loss of merchantable material for the areas 
studied is 1,570 board feet to the acre. This loss, it should be noted, 
represents the complete or nearly complete wiping out of small patches 
of the stand rather than a uniformly distributed loss over the entire 
area. 

SUSCEPTIBILITY OF VARIOUS SPECIES 


Though heat killing has been considered for the forest as a whole, 
without distinction between different species, it is only where true 
crown fires sweep through a mixed stand that complete destruction 
results. 

In studying the effects of ground fires it is important to note to 
what extent the species differ in their resistance to injury. Per- 
centages from two sample plots in heavily burned areas are given in 
Table 4 for the mixed conifer type. It will be observed that the loss 
of both western yellow and sugar pines is strikingly less, in volume 
and in number of trees, than is the loss of either white fir or incense 
cedar. In both these mixed stands the trees of different species grew 
in close contact with each other, so that these figures give a very fair 
picture of the relative susceptibility of the different species to hot 
surface fires. 
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TABLE 4.—Relative susceptibility of species to direct heat killing 


Ham Station fire Howard fire 
Species Volume | Trees | Volume | Trees 
killed |. killed killed killed 
; Per cent | Percent | Per cent Per cen 
Westernuyellow pines $325. 2 eT Oey eee ee ey 54. 0 72. 0 45.0 | 62. 0 
SUP GTO ine ae OO Ve ee AS ep ee oe eee, Seen ae oe es 56. 3 70. 0 60. 0 | 64. 0 
Mii os vite toe ees VAIbS 1S 75,8 92.0 | 72.0 | 78.0 


ineensewcedarer Wie ies ee oe rt) oir a ke Sete st vl] 97.0 85. 0 


The reason for the greater resistance of the pines to heat, as com- 
pared with the fir and cedar, is not difficult to find. White fir, though 
it averages a greater height than the pines, has very mflammable 
foliage, and its needles are unable to endure as high a degree of heat 
as the needles of the pine. The needles on the pines cluster around 
and enfold the terminal buds and protect them from the heat. These 
buds, too, have thick scales. But the buds of the fir have thin scales 
and are only slightly protected by the needles. The crowns of white 
fir and cedar, the two most tolerant species’ in the mixed conifer 
forest, are both longer and denser than those of the relatively intol- 
erant pines, for the lower branches, being able to withstand the shade 
of those above, continue to live, whereas the lower branches of the 
pines are shaded off. Therefore, the possibility of a hot surface fire 
setting the crowns afire and then being able to spread from branch 
to branch and finally to strip the foliage is much greater in fir and 
cedar than inthe pines. A further condition influencing the relatively 
high susceptibility of the cedar is its smaller stature. In the areas 
under consideration, the average merchantable height of mature 
cedars killed was only 65 feet, as compared with 104 feet for white fir 
and 94 feet for the pines. 

The factor of susceptibility thus plays an important part in the 
succession of species in the pine region where there are repeated fires 
For example, on the east side of the Sierras in the yellow pine-white 
fir type, where enormous areas have been subjected in the past to 
repeated surface fires, the present merchantable stand is almost pure 
western yellow pine, but the reproduction that is appearing abun- 
dantly since the inauguration of systematic fire protection is predom- 
inatingly white fir. Im an undisturbed state of nature in this type 
the inevitable tendency is for the tolerant species (white fir) ulti- 
mately to dominate the stand to the exclusion of the intolerant spe- 
cles (western yellow pine), because the tolerant fir will reproduce in 
the shade of the mature forest and thus get astart on the pine. The 
recurrence of fires is responsible for interrupting the normal succes- 
sion so generally. 

The most important conclusion concerning relative susceptibility 
to heat killing is that the more tolerant the species the higher its 
degree of susceptibility to a fire of given intensity. 


RELATION TO SITE QUALITY 
Not only is specific susceptibility an exceedingly important factor 


in determining changes of composition within a given mixed forest, 
but it also furnishes a clue to the relative amount of damage in 


7“ TPolerance”’ is the ability toendure-shade. White fir is spoken of asa tolerant species because it can 
grow under heavier shade than, for instance, western yellow pine, an intolerant species. 


81.0 73.6 
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different forest types. Only with an enormous mass of data would 
it be possible to prove statistically the relative rate of loss in different 
types, because of the great difficulty in finding comparable stands, 
fires of comparable intensity, and comparable sites. But, given fires 
satisfying here conditions, it would probably be found that the fir 
types show higher rates of loss than the pine types. An example of 
maximum damage from heat killing is shown in Plate IV, Figure 1. 

In a many-aged forest the susceptibility of the individual trees to 
heat killing by the burning of the litter, undergrowth, and reproduc- 
tion would appear to vary inversely as the quality of the site, which 
is to say, as the height of the trees, a good site having a greater 
proportion of 'trees whose crowns are safe from ground fires. With 
fires of equal intensity, other than crown fires, the percentage of the 
stand killed should be greater on poor sites and less on good sites. 

It is impossible to give rigid statistical proof that liability to heat 
killing is in inverse ratio to the excellence of the site; nor is it possible 
to state the exact magnitude of the losses caused by fires of given 
intensity on poor sites and on good ones. With the exception of 
second-growth stands, our forests are so broken, so variable, and so 
patchy, and the technical difficulties of measuring intensity of fire are 
so great, that no exactly comparable data have been obtained. 

he only method so far developed for measuring with reasonable 

precision the effect of a given fire on individual trees was evolved in 
the examination of certain of the large burns of 1917 on the Eldorado 
National Forest. Considering only one species, western yellow pine, 
and fire for one season of the year, namely, fall, it was found that 
the crown of a tree was killed for an average distance of 20 feet above 
the highess point of actual burning by the flames. If, for example, 
a yellow pine had a 40-foot crown and the fire had actually scorched 
the trunk up to the base of the crown, then 20 feet of the crown 
succumbed. (PI. IV, fig.2.) Naturally, the level to which the flames 
tended to reach depended on the amount of fuel on the ground. With 
only bear clover, a low-spreading shrub, for example, it was found 
that the flames reached only 10 to 15 feet, but with manzanita, a 
much taller undercover, they reached 40 to 60 feet. The observa- 
tions indicate that more trees would be killed in low stands than in 
tall ones, other things being equal. 


CROWN INJURIES AND RATE OF GROWTH 


In addition to the direct or primary physical damage to merchant- 
able timber which is evident from even a casual examination of 
burned areas, fire in the virgin forests of California may and often 
does start a less conspicuous train of events which is reflected in the 
condition of the stand for many years afterwards. These influences 
ordinarily show themselves either in a reduction of growth or in 
decay that injures the trees without actually killing them. 


EFFECT OF CROWN INJURIES ON GROWTH 


One of the important secondary injuries resulting from fires is the 
reduction of the rate of growth as a result of crown injuries. On 
the Klamath National Forest a study of the effect of surface fires on 
rate of growth was very instructive. In 1910 a fire ran through a 
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mixed stand of western yellow pine, sugar pine, and Douglas fir, 
partially killing the crowns of nearly all trees but failing to kill any 
tree outright. In the fall of 1915, when the rate of growth for the 
previous decade was determined by measuring the annual rings, the 
stand failed to show noticeable external damage from fire. Many 
trees which had badly scorched crowns in 1910 had recovered, and 
only one tree had succumbed to fire injuries during the five years. 

The growth at breastheight was measured separately for the five- 
year periods before and after the fire. It was found that 16 per cent 
of all the trees measured grew at the same rate for both periods, 
while 68 per cent grew more slowly and 16 per cent grew more rap- 
idly after the fire. The growth of one tree fell off 69 per cent, while 
none of those increasing made a greater gain than 14 per cent. 
Averaging all trees, the growth in basal area after the fire was only 
83.6 per cent of the growth before the fire, while the volume growth 
was correspondingly reduced by about 25 per cent. The stand on 
this particular plot was 43,230 board feet to the acre, and the vol- 
ume growth for the five-year period before the fire was 1,945 board 
feet to the acre, or 390 board feet each year. The reduction of 25 
per cent means a loss of nearly 500 board feet per acre for the five- 
year period. Checks on adjoining unburned areas showed no change 
in rate for the two half decades. 

In 1919 a similar study was made on the Shasta National Forest 
of an area burned in 1914. Growth figures were obtained by taking 
increment borings on a number of trees of different species, selecting 
only those individuals whose growth had not been affected by the 
death of near-by trees. For each tree were recorded the species, 
diameter, total height, percentage of crown killed by fire, growth for 
five years before the fire, and growth for five years after the fire. 
Table 5 shows that a reduction of growth of 30.8 per cent occurred 
on the trees studied, which on the poor site represented amounted to 
50 board feet to the acre each year. 


TABLE 5.—EHffect of crown injury on current rate of growth * 


Reduc- Basis 
Amount} tion of 
of crown | diameter 
killed growth | Number} Average 
of trees height 


Per cent | Per cent Feet 
17 11.0 9 68 
25 28.5 12 71 
33 32. 0 19 68 
50 39. 0 10 58 
67 56. 5 4 57 
230.8 


1 Data obtained 5 years after burn, for all species; Shasta National Forest. 
2 Average (weighted). 


The table further brings out clearly that the degree of reduction 
of diameter growth varies directly with the percentage of the crown 
killed by the fire. With only 54 trees as a basis, perhaps it can not 
be stated without qualification that this relation generally exists; 
but such a relation agrees with what is known of the function of the 
crown in the growth of the tree, 
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CONTROLLING FACTORS 


As one might expect, the degree of crown injury appears greatest 
in the shortest trees and least in the tallest trees. That this relation 
exists on the particular area studied is evident from the height column 
of Table 5 though the relation is far from perfect. Similar figures, 
as shown in Table 6 were obtained from two plots laid out in a fire- 
pamoeed area of pure western yellow pine on the Modoc National 

orest. 


TABLE 6.—Influence of height on crown injury 


[Western yellow pine; Modoc National Forest] 


Plot 1 Plot 2 
Diam- Diam- 
Trees Trees 
- ter Crown . eter Crown 
Height 2 ae meas- | Height ae eas- 
a injury rae phen injury ured 


————————— sero oO ees ee | | | | | 


Feet Inches | Percent | Number| Feet Inches | Per cent | Number 
1 Oy fale 2 0 6 44 1 


85 8 8 1 
86 14 49 2 85 18 62 1 
90 16 55 6 95 20 37 3 
97 22 26 3 107 22 10 5 
102 20 48 2 112 28 20 4 
106 24 26 1 115 24 19 5 
115 26 24 5 118 34 17 3 
122 28 31 2 122 26 7 5 
123 34 41 1 127 30 23 4 
125 40 11 1 130 32 0 i 
130 38 37 1 135, 38 0 1 
140 32 27 2 140 36 17 1 
ee 2 DRS aS ae a ee [ee 150 40 20 2 


Though the progression is not entirely regular, it is evident that 
the degree of crown injury varies inversely with the total height of 
the trees. This relative susceptibility to crown injury is of great 
importance not only in its influence on relative damage to different 
species In mixed stands, but because it confirms what has already 
been shown, that the poorer the quality of the site, and conse- 
quently the shorter the trees, the greater is the susceptibility of the 
forest to crown injury, and to retarded growth or even outright death 
directly from heat. If the scale of protection is based on the value 
of the resources, it will obviously be less intensive on poor sites than 
on good ones, in young stands than mature ones. ‘The likelihood of 
heavy damage, and consequently the need for intensive protection, 
are greater on the poorer sites and in the younger forests. 


EFFECT ON VARIOUS SPECIES 


The relative resistance to heat killing of the crowns of several of 
the important California conifers has been noted. The experimental 
lot on the Shasta National Forest discussed in connection with 
able 5 affords some very interesting side lights on this point, partic- 
ularly in those cases in which the intensity of the fire is not sufl- 
cient to destroy the crowns completely. By determining the average 
ercentage of crown killed for each species, the result, as shown in 
able 7, is an excellent index of the relative susceptibility, since in 
none of the trees studied did the fire actually consume the crowns. 


2027°—24——2 
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TABLE 7.—Relative susceptibility of species to crown injury 


[Shasta National Forest] 


: Amount | Average | Growth- 
Species ‘ hee of crown; growth | reduction 
| killed j|reduction| index! 
| 
; Feet Per cent | Per cent 
Miestorn. yellow.pine..- .-- 22-423 Se 64.9 , FA 1.00 
SSLOTEE Te 0) 1 02 ea eases weeds hare ee he rea a ee 8 Eee LS 78. 0 31.3 38. 9 1.75 
DWoglas fir 25) steed zee eet pe teen db Be ee se 64. 5 | 38. 7 43.3 1. 58 
RH EG HSEICOGAT (0. S25 ee Oe ow oe ere een Ree | 61.5 | 40. 2 39.7 1.39 
erorage's s2a2 ii. See ae eee eile lad be Pir |e Hosa ees | 35.9 | 1.43 
| 


1 On basis of crown injury, and taking western yellow pine at unity. 


Of the four important species represented on the plot, all but sugar 
pine had practically identical heights. Western yellow pine showed the 
owest percentage of crown injury, Douglas fir the next lowest, and 
incense cedar the greatest. The sugar pine, with practically the 
same degree of crown injury as western yellow pine, but with a con- 
siderably greater total height, apparently is intermediate in resistance 
to injury between western yellow pine and Douglas fir. Table 7 
further supports the conclusion that resistance to heat killing varies 
inversely with the tolerance of the species. 

The last column of the table, showing the relative response of the 
four important species to a given degree of crown injury, indicates 
that western yellow pine suffers least and sugar pine most, while 
Douglas fir and incense cedar are intermediate. Of all the species 
studied western yellow pine is not only the most resistant to crown 
injury from heat but is the least responsive in reduction of growth 
to such injuries as are received. 


INDIRECT PHYSICAL DAMAGE TO MATURE TIMBER 
INSECT INJURY 


Certain other secondary injuries from fire are not immediately 
evident or simple of proof and, indeed, can be exactly determined 
only after detailed study over a period of years. Chief among these 
are losses from insects and wood-destroying fungi. 

Of the insects which cause the greatest losses to pines the genus 
Dendroctonus is the most important and most prevalent. Though a 
light infestation is practically always present in the pine forests, lum- 
bermen and foresters are chiefly concerned with this and other forest 
insects only when an epidemic develops. Insect epidemics have been 
known for many years, but the reasons for the sudden outbreaks have 
been exceedingly obscure. Only recently has it been discovered that 
insect epidemics are frequently precipitated or intensified by forest 
fires. 

One of the first large burns to be studied with this probability in 
mind was the Mormon Hill fire, in the Sierra National pee which 
occurred October 15, 1916, covering about 640 acres in the western 

ellow-pine type. The direct loss due to the fire was comparatively 
light, though many trees were injured. The history of the area was 
followed in detail by one observer for the seasons 1916 to 1919, in- 
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clusive. Besides the area covered by the fire, an adjoining area of 
similar type and topography was used as a control plot and examined 
during the same period. dn both oi these plots a hundred per cent 
cruise of all insect damage was made. Fortunately, in connection 
with other studies, the cruise for 1916 had been made before the 


_ occurrence of the fire and the records for that year, covering as they 


do a large area long undisturbed by fire, may be accepted as showing 
the stage of infestation of the area before the fire. Table 8 presents 


data of this study. 


TaBLE 8.—Relation of fire and insect damage 


{Mormon Hill burn, Sierra National Forest, October 15, 1916] 


Insect damage 


} 
Insect damage on are: 
pesert ge On Bersict area on unburned area! 


Year of observation 
| Trees Total Loss per} ‘Trees Total | Loss per 
| lost loss acre lost loss acre 


——————q— leq“ | KS —xHKt ) moO xqxxcxxx6r 


Board feet Board feet Board feet | Board feet 
2, 745 | 51 | 17 5 | 11 


PR eee et Si _ sat wed Be Pe ew ea as ao 47 3 22, 695 | 

ALP 7 ra Seid SS rg ea bare AA ee wk dee Qe eh a 97 | 129, 970 203 21. 30,700 | 15 

OTH Ghee ten cere ee rea ee? 252382 116 | 120, 690 189 37 47, 033 24 
| LU sees area Sanaa SS ies eee eee 40 33, 370 52 43 51, 600 26 


SRO aire fae We sed PES ak 300 | 316, 775 | 495 118 | 152,028 | 76 
| 


1 Unburned control area of 2,000 acres, adjoining Mormon Hill burn. 
2 Data for this year gathered before the burn, over a territory of 640 acres long undisturbed by fire. 


On the control plot the infestation during the period of observation 


was relatively constant, both as to number of trees killed each year 


and the actual volume lost. There was a slight tendency to increase 


_from the beginning to the end of the observation period; but the 
_ maximum loss in any one year did not exceed 26 board feet an acre, or 


one tree to 50 acres, which is well within the limits considered as nor- 
mal infestation. 
On the burned area the loss during the year before the fire was 


- somewhat greater than for the control plot. As indicated by the con- 


trol plot, the normal infestation was increasing slightly during the 
period of the study, but the increase on the burned area was far more 
rapid than the normal rate. In the year following the fire a sudden 
and sharp increase in loss from insects was reported. In 1918 the 
number of trees lost was stilllarger. In 1919, the third year after the 
fire, the infestation subsided to Shout the same level as betore the fire. 

Other evidence confirming these investigations has been obtained 
in the study of the Snake Lake experimental burn. The figures on 
insect damage on this area, shown in Table 9, were obtained by a 
hundred per cent cruise which covered 105 acres burned in 1919 and 
again in 1920; also from an unburned control plot adjoining the burned 
area. As has been explained, the Snake Lake plot is an area burned 
over lightly for experimental purposes. All the fires here have been 
very slow in spreading and light in character, the burning being done 
at the earliest possible date in the spring and the fires set to burn 
downhill under control. 
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TABLE 9.—Losses due to insects following fire © 
[Snake Lake experimental area] 
BURNED ARB#A: FIRST FIRE (1919), 105 ACRES; SECOND FIRE (1920), 126 ACRES 


| Loss in 1919 Loss in 1920 Loss in 1921 Loss in 1922 
Species SRE PL i we Bey Ee a SSE. sa 
Trees | Volume} Trees | Volume} Trees | Volume} Trees} Volume 
Board feet Board feet Boardfeet | Board feet 
Western yellow pine________-__._-._- 5 4, 240 11 6, 680 17 | 10, 200 2 2, 660 
SUPaESDING- sen as ae ee eee See 38 | 70, 600 17 | 32,520 2 2, 900 2 2, 920 
DGH Sas Hirt ee tee 5 at 3 3, 440 2 1, 930 1 750 2 5, 600 
Wihitexfir= 2.5.2 eee petite tay oe 2 3, 800 6 8, 450 3 2, 420 3 920 
WIYCOMSC COGAY = see oe ho oS es eh 5p ee | eee ee | bie oe [--------- 
Potakloss “sss so! ease Safi s 48 | 82,080 36 | 49,580 | 23 | 16,270 9 12, 100 
BOSS, per. acre: cE 0. 46 782 | 0.29 393 | 0. 18 129 | 0.07 
UNBURNED CONTROL AREA, 200 ACRES 

Western yellow pine____-=__________- 4 3, 200 3 2, 090 2 | 1, 200 6 5, 690 
Sugars pIMes:- cio oy ae ee Eh tee 4 3, 600 1 80 2 LS 606; |= ats Shee Eee 
DOU EAS iT epee ya Ree poe ok oe 1 ADO 222 oo ee eS | aon Bee ee 1 2,610 
White fir re Spices yaaa YS Ue an. (Sree ee ene 4 2, 870 3 1, 700 2 940 
Ineense: ced ara. -+ ant ob ead, cele a pete Sele Se eee [eros 2 oe eee se ea tee eee 
Rotalslossiss2 seis eres 22 Seen 9 7, 250 8 5, 040 7 4, 500 9 9, 240 
OSS! POriaCkKe:. 2-22 22 eae 2 0. 04 36 | 0.04 25}; 0.04 22 0.04 46 


Comparative losses on burned and unburned areas.—Considering 
first the contro! plot for the Snake Lake burn, it will be observed 
that the loss for each acre is comparatively small and has shown no 
conspicuous tendency to mcrease since the experiment was begun. 
On the burned area the contrast is striking. In the first year follow- 
ing the initial burn, 48 trees were killed by insects on 105 acres, 
which is at the rate of 293 trees to the section (640 acres), compared 
to the rate on the control plot for the same year of 29 trees to the 
section. In the second year, following the second burn, which 
covered 126 acres, the loss was at the rate of 183 trees to the section. 
in the third year the rate of loss was 117 trees to the section. 
Averaging the results of the three years, it is found that the rate for 
the control plot is 26 trees a section each year and the equivalent 
board-foot loss is 17,900; whereas, on the burned area, the correspond- 
ing values on a section basis are, in round numbers, 200 trees and 
275,000 board feet. Definite proof that the insects entered the trees 
on the burned area after the fire, was found in the fact that the pitch 
tubes overlaid the scorched and blackened bark. 

These results from two independent observations are strikingly 
similar, although the two areas are far apart and in different timber 
types, and the time and intensity of fires were dissimilar. 

The Crane Valley fire in the Sierra National Forest is also of interest 
in studying relation of burning to insect infestation. The fire oc- 
curred in October, 1916, and spread rapidly uphill through an excellent 
stand of thrifty western yellow pine, killing many trees outright and 
scorching the bark and Seis part of the crown of nearly every 
individual in the stand. In the spring of 1917, six months after the 
fire, an insect-control crew employed by the owner of the land worked 
the area covered by the fire, as well as the surrounding unburned 


2 
£ 
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land. On the burn the infestation was found to be excessive. On 
one 40-acre tract, a total of 55 trees, both western yellow and sugar 
pines, were peeled by the crews. Over the entire burn the infestation 


_was strikingly heavy; and on one acre 7 infested trees were found 


and peeled. That the insects had entered the trees after the fire, was 
definitely established by the presence of fresh pitch tubes overlying 
the burned bark. The adjacent unburned area had nothing like the 
same degree of infestation. A cruise of one 40 showed 3 infested 
trees, while another 40 had 5. This striking contrast between the 
burned and unburned forest is still further heightened by the data 
obtained in a later inspection made in July, 1917, about three months 
after the completion of the control work. At that time it was found 
that on the 40-acre tract where the 55 trees had been treated 10 
additional trees were infested. 

That these examples are not exceptional is shown by the results of 
fire-damage studies on many other large burns. An increase in 
infestation on all the areas studied has been found without exception, - 
the only variation being in the relative intensity of the attack. It 
appears to be established beyond contradiction that serious loss from 
insects is a corollary of fire, whether that fire be light, as in the case 
of the Snake Lake and Mormon Hill burns, or heavy, as on the Crane 
Valley burn. The indications are that the extent of this damage is 
likely to be from 8 to 12 times as great as that existing before the 
fire, and that heavy loss from insects will continue for about two 
years after the fire. Without attempting to state an absolute aver- 
age figure of loss for insect damage after fires, it may be pointed out 
that on the areas studied the stand suffered to the extent of about 
1,000 board feet an acre. This form of loss, therefore, is serious. 

Loss from insects following fires is one of the several factors which 
normally result in the gradual depletion of the forest stand. None of 
these factors, except occasionally heat killing, results in wiping out 
the forest at one stroke; but all combine to make any extensive fire 
in the virgin forest the starting point of a train of circumstances the 
full effects of which do not become apparent for years. 

Why wsect attacks follow fire—Just how insect infestations take 


hold in a forest. so rapidly immediately after a fire is difficult to ex- 
plain. A study conducted at the Feather River Experiment Station 


ae “— 


throws some light on this question. In the fall of 1916 a fire burned 
a strip through a dense stand of western yellow pine poles, injuring 
many of the trees, chiefly by partially killing the crowns. A year 


_ after the fire a detailed study was made of many of these trees to 


tation. Oft 


determine, if possible, what influence the fire had had on insect infes- 
< trees uninjured by fire, 1.5 per cent had been heavily 


_ attacked by Dendroctonus brevicomis, but an abundant flow of pite 
_ repelled the beetles. Of the trees injured by the fire, 60 per cent had 


_ been successfully attacked and had succumbed. ‘This is the more 
_ remarkable since thrifty young trees are practically immune to attack. 
_ Trees whose vigor had been lowered through crown injury were prom- 
_inent among those successfully attacked, and this fact mdicates 
clearly that any serious reduction in the vigor of a tree predisposes 
it to attack by insects. 

_._ Loss of vigor by partial killing of the crown is not the only form 
of injury that invites insects. Fire scars on the trunk are a favorite 
place for attack... A detailed examination of the injured trees showed 
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that even scorching of the bark appeared to invite rather than to 
repel attack. In detailed examination of the 134 fire-scarred trees 
on the Snake Lake burn it was found that large areas of inner bark 
surrounding the fire scar may be killed by a fire that does not con- 
sume the outer bark or leave any external evidence of injury. It 
seems not improbable that such fire-injured trees should be peculiarly 
susceptible to attack in view of the apparent preference of forest in- 
sects for weakened trees. On these trees it was found that pitch 
tubes were far more numerous on the blackened bark which had 
been subjected to intense heat than they were on the unscorched or 
lightly scorched bark of the same tree. On a number of trees a count 
of the number of pitch tubes showed that the number on the badly 
scorched portions was more than twice as great per unit of surface as — 
on the-unscorched. 

Though not conclusive, this study confirms the deduction that in- 
sects successfully attack those trees and those portions of trees that 
‘ have been most seriously affected by fire. This conclusion is in har- 
mony with the known biological facts governing the resistance of organ- 
isms to disease or attack by their enemies. 


FUNGI 


The virgin forest, subjected to repeated surface fires for centuries, 
has been exposed to what has been aptly called cumulative risk. 
That is, the older the stand the more opportunities there have 
been for the trees to be injured, and the more serious subsequent 
injuries have proved. One serious result of cumulative risk has been 
the susceptibility of the damaged trees to ravages of wood-destroying 
fungi, which have gained entrance to the trees through open fire 
scars, and have caused a serious loss of merchantable timber. 

Decay in white fir.—In the detailed studies of white fir (Abies concolor) 
by Meinecke (17) it has been shown that only in very rare cases did 
the Indian paint fungus (Hchinodontium tinctorum) obtain a foothold 
in uninjured trees. Of 59 firs wounded by fire, he states that only 
11 had decay not traceable to the fire wound. Out of a total of 109 
cases of decay, the causes of which were definitely determined, 48 
were due to fire, 25 to frost, 23 to lightning, and 13 to other causes. 

The seriousness of decay from infection by various causes was 
rated by Meinecke as follows: Lightning least, fire and minor causes 
next,and frost most serious. By combining the factors of frequency of 
infection by different causes and the seriousness of the decay, Meinecke 
obtained the following relative ratings: Fire 144, frost 100, lightning 
23, others 39. A major conclusion reached is that fire, chiefly 
through the formation of basal wounds, is the most important single 
ee resulting in the prevalent unsoundness of white fir in the virgin 

orest. 

Decay in incense cedar.—Boyce’s studies (2) of dry rot in incense 
cedar caused by Polyporus amarus are equally conclusive in demon- 
strating the effect of cumulative risk on the merchantability of this 
species. Surface fires start a train of circumstances the effects of 
which can not be fully determined until many years afterwards. That 
incense cedar with advancing age is subject to cumulative risk from 
dry rot is strikingly shown in Table 10. Indirectly, the same figures 
further emphasize the cumulative risk in fire scarring, for fire scars 
are by far the most important point of entry of fungus. 
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TABLE 10.—Cwumulative risk to incense cedar from dry rot 


[From U.S. Dept. Agric. Bulletin 871, ‘‘The Dry Rot of Incense Cedar,’’ by J. S. Boyce} 


| 


Basis Percentage of injury 

Average Dry rot | Severe ~ Infec- 

Age class age Trees volume oa Cull Hos 
Sones | vena Number | Per cent | Per cent | Per cent | Per cent 
OO VGHRSHe reset ee re 4 1 0 0 0 0 
41 to 80 years. -~-22.=-1-+ SPE Se 2 ESO. 60 51 1 0 4 6 
SISCOreey Cals 25> = IE oe Se 105 185 3 3 20 38 
121 to 160 years - _-_-- eee eee ee we 2 141 284 4 2 29 46 
161 \to.200 years—~ - .-4 =. 2: aS eS eae 180 233 10 | 12 42 61 
ANON AAO CALS Sn eens ene re er ee as 223 118 22 30 61 i 
DEMONS CRESS?< SR ee Se eee ee 259 94 44 52 79 83 
Ze bia) Seah GENS SEES Sa ee eee 296 49 | 62 67 88 92 
PALO DOURMCRES rb oe eS eee 334 19 | 67 79 90 90 
SEISLO ADO VORTS sia) ber SN oe est 37 4 82 75 100 100 
AUIBLOISAULY CRBS. oe eh aaa oe Sede coe 436 2 | 5 0 100 100 
Cy Te BOREAS RS ee dea OS [=~ 7 Sheers |e ck ~ ea ee Oona a otsevee 
EGO ODS ee es ae ee | 172 |---------- 15 17 42 56 


This study further showed that of 1,075 typical trees dissected and 
examined 60.1 per cent had fire scars. On fully half of these trees 
the scars had not healed over. Of 656 trees infected with dry rot 
67.1 per cent had been infected through fire scars. The importance 
of these wounds as a point of entrance for the fungus is illustrated 
by the fact that 67 per cent of all trees with fire scars were infected. 
Of the cases which resulted in serious cull, defined by Boyce as loss 
of one-third or more of merchantable volume, fire was responsible for 
the entrance of the fungus in 84 percent. Thus all other causes com- 
bined resulted in only 16 per cent of the instances of serious cull. 

The tendency to decay through new fire scars or through old wounds 
enlarged by fire is likely to be more serious in the older stands than 
it is in young stands, as the studies already cited show; for, although 
infection of trees may take place at a comparatively early age, serious 
destruction of the heart wood seldom appears at an age below 160 
years. 

_ While the actual amount of loss from decay induced by fire is not 
given by either author quoted, it is clearly shown that fire is the prin- 
cipal indirect oe causing cull in white fir and incense cedar in the 
virgin forest. This is of special interest in view of the fact that these 
two trees, which form an appreciable part of the timber stand in the 

ine region of California, have come to be classed as inferior both by 

umbermen and by foresters, and not because of inferior technical 
loge of the wood, but rather because of the greater frequency of 
cull. 

The relation of decay to fire injuries is not, however, of signifi- 
cance only for the species regarded as inferior. Fire scars on the 
more valuable pine are an important source of infection, and though 
the degree of decay here is very much less than in white fir and 
incense cedar, in one typical instance in western yellow pine it has 
amounted to a cull of 1.7 per cent, due to rot directly traceable to 
fire scars. Table 11 shows a similar case. This table gives the 
actual commercial loss of volume from sie for all five of the prin- 
cipal species, as this appeared on extensive Government timber sales. 
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The cull percentage, it will be noted, is, as usual, much higher in the 
two inferior species than in the pines; but even in the pines it must 
not be disregarded. It is not implied that all the decay was charge- 
able to fire, but the greater part of it can be directly traced to fire. 


TABLE 11.—Percentage of cull in important species 


[National forest timber sales] 


axi- | Mini = 
Species Average mum mum 
cull cull cull 
Sales Total 
Per cent | Per cent | Per cent Board feet 
Wwesternuyellow2pine Sic esta 95 eee eee 3. 4 8. 2 12 10} 13, 649,000 
SHEATAD ING pe ere © GeO eae ee eed ee 10.1 RSS: 2.5 8 | 10,605, 000 
DOU ELAS IR Sac r= ase oot ee a ea ee ee eas Be 14.5 22. 0 3.0 5 3, 738, 000 
Aish a U9 08 CR elk eI pila i Oe Sea Ree I trai ee 13. 2 30. 1 30 9 7, 197, 000 
InCenSe (COC AL ass. oa sae ee Pee ee ep 26. 5 46.3 7.8 7 2, 286, 000 


FIRE DAMAGE TO YOUNG GROWTH 


Within the past 15 or 20 years, or since fire protection has been 
attempted, conditions in the virgin forest have changed radically from 
the time when fires ran unchecked. The most outstanding of these 
changes is the enormous number of young forest trees that have 
appeared as individuals and in groups, or, in the more open virgin 
stand, as a veritable blanket under the mature timber. This remark- 
able change is in itself proof that the virgin forest as we find it does 
not represent the productive capacity of the land, for if an area of 
ground is fully occupied by a mature crop of timber the young individu- 
als can not obtain a foothold because the available moisture and light 
are already fully utilized. That this alteration is due solely to fire 
protection is clearly evident from the descriptions of the virgin forest 
of a half century ago by historians and early settlers. In this picture 
the dominant note is the openness of the forest, emphasized in the oft- 
repeated statement that one could ride anywhere or could see for long 
distances through the timber. The general occurrence of young — 
erowth or advance reproduction in the virgin forest to-day is the 
effort of nature, in response to fire protection, to utilize the full grow- 
ing power of the land, and to restore the broken and understocked 
forest to a more normal condition. 

Even a light fire is sufficient to destroy the seedlings and saplings 
in a stand; that is, the young trees which must become established if 
forests are to persist indefinitely. Unless some reproduction is able 
to become established and survive, it requires little imagination to 
see that, with fires occurring on the average about eight years apart, 
and even with the very lowest rate of loss to the largest trees that 
has been found on any of the fires studied in detail, the forest must 
eventually disappear. The presence and history of brush fields well 
illustrate this. On the other hand, repeatedly burned-over timber 
stands prove that in many cases the forest has Heed able to reproduce 
itself about as rapidly as fire has eliminated individual old trees and 
the smaller, younger trees. Perhaps the most remarkable thing m 
this entire survey of the cumulative effects of fire is the fact that so 
large a percentage of the forest has persisted. 


Se ee es 
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FUNCTIONS OF ADVANCE REPRODUCTION 


Two general functions of advance reproduction in the virgin forest 
are to be noted. First, in timber that will not be cut over for many 
years to come, the advance reproduction will fill in the blanks of the 
present forest and will in many cases attain sufficient size to increase 
the yield of the stand when it is cut. Even in comparatively fully 
stocked stands under protection, gaps may thus be filled, as single 
mature or overmature individuals succumb. Reproduction is assur- 
ance that the growing capacity of the land will not lie idle. In other 
words, the virgin forest is not in a static condition; changes are tak- 
ing place constantly, giving constant SRpaubEnien to new growth. 

The second function is in evidence when the virgin forest is to be 
harvested within a reasonably short period and some provisions must 
be made for continuing the forest without resorting to planting. 
Dunning’s investigation (8) shows clearly that by far the most cer- 
tain, safest, and quickest method of getting a new stand in the Cali- 
fornia pine region is to preserve the advance reproduction in the log- 
ging operations. Depending on seed trees alone is likely to lead to 
a serious delay in obtaining a new crop. Oncuttings on private land 
where no provision is made for seed trees and where the land is prac- 
tically clear cut, advance reproduction is the only assurance that a 
new forest will follow the old. 

What effect even a single surface fire will have on young growth in 
the virgin forest is therefore not merely of academic interest, but is 
of truly momentous importance. 


ACTION OF FIRE 


There has been a great diversity of opinion regarding the physical 
effects of fire on reproduction in the virgin forest. Some who have 
wished to emphasize the destructiveness of fire have assumed that 
the mere occurrence of even a light fire resulted in complete oblitera- 
tion of the young trees over large areas, although the very persistence 
of the virgin forest in the pine region in spite of repeated burns is 
prima facie evidence that such is not the case. On the other hand, 
those who have desired to minimize the damage to reproduction from 
fire have taken the position that fire is a positive benefit through its 
alleged action in thinning the weaker and smaller individuals out of 
the dense thickets. ‘The present investigations indicate that the 
truth lies between two extremes, and a fire of this nature is neither a 
catastrophe nor a blessing. 

In the examination of the Ham Station fire, reproduction plots 
were tallied at intervals along a cruise line. It was found that on 
an average the reproduction before the fire was 66 per cent complete 
and that after the one fire the degree of stocking had been reduced 
to 40 per cent. Using only this one illustration for the present, it 
may be pointed out that even fires that result in material damage to 
merchantable timber, as this one did, fortunately do not entirely 
wipe out advance reproduction, even that of small size, over extensive 
areas. On this 9,000-acre burn the effect of the fire on advance 
reproduction was very similar to the effect on large timber; that is 
intense damage on many plots of a few acres each, where the young 
erowth had been completely destroyed, coincided with areas of heavy 
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heat killing of merchantable timber; while over the greater portion 
of the burn the damage took the form of reduction of the stand. 
Since the young growth was smaller and more susceptible to fire 
than the merchantable timber, the percentage of such reduction was 
naturally greater. 

A study was made of a large area in the east side western yellow 
pine type burned over in the summer of 1920. Cruise lines were run © 
through the burn and each one-tenth acre square on each side of the 
line was classified as to the degree of stocking of the reproduction 
before the fire, the percentage of the ground burned over, and the 
percentage of the reproduction killed. The survey covered a total of 
379 sample plots, almost 38 acres, along a mechanically located 
strip, fairly sampling a burned area of approximately 2,000 acres. 

This study showed that, in general, the heavier the original stock- 
ing on the plots the higher was the percentage of the area burned; 
that is, very open and scattered stands of reproduction had a better 
chance of escaping the fire than did the denser stands. The propor- 
tion of reproduction killed followed closely the proportion, of the area 
burned. Considering only the grand average of all the data, 69 per 
cent of the plot area was burned, and 64 per cent of the reproduction 
was killed. 

It is shown that instead of uniformly thinning the stands of seed- 
lings and saplings, a surface fire wipes out a certain portion of the 
stand wherever it runs. Outside the: area actually burned, and yet 
within the boundary of the burn as a whole, there will be a certain 
amount of reproduction, even though small, that is able to survive. 
This is exceedingly important, for it means that fire creates a patchy, 
scattered distribution of reproduction, with many areas denuded but 
others left intact. On the more intense burns, such as the Howard 
and Soda Creek fires and on the more heavily burned parts of the 
other areas, not even occasional patches of unburned reproduction 
are left, but complete destruction of reproduction is the rule. 


RARE INSTANCES OF BENEFICIAL EFFECTS 


Fires in the early spring, or late fall after the first rains, are nat- 
urally less destructive than in the summer, because of the more moist 
condition of the litter. Studies on the Castle Rock, Red River, Snake 
Lake, and Sierra Iron Co’s burns show that with very light fires the 
stands of large reproduction, especially in the sapling and pole stages, 
may sometimes be thinned by fire without complete destruction of the 
entire stand. As an example of the way in which a fire acts under 
such circumstances, an area of slightly more than one-third of an acre, 
with reproduction ranging from seedlings to poles 12 inches in diame- 
ter, was studied. As shown in Table 12, only a very low percentage 
of seedlings escaped death; but the larger the trees the larger the 
percentage that lived. Though only 20 per cent of all the young trees 
survived, they represented a total of 480 trees to the acre consisting 
chiefly of the larger individuals, and were quite sufficient to give a 
reasonable degree of stocking. As the surviving trees were uniformly 
distributed, there is no concern in this particular case over the heavy 
loss of seedlings and saplings. 
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TABLE 12.—EHffects of light fire on young growth 


[Sample plots covering 14,725 square feet (0.338 acre), Sierra County, 1921] 


Diameter of trees breast high | Total killed Total alive 
| 

| Number | Per cent | Number | Per cent 

Undermezinehes'(secdilings) 2). 22 Nooo. ea Cee ee | 427 97 14 
DANCES same eaae wet rey eos se b5 a ee a ae Re ae | 163 | 88 | 23 | 37 
GUT) CHES yee cree EONS aL ee eh a 38 | 63 22 | 36 
CUD ae) AVI E Ss pee as MAR 2 ole Pee SM ie aie Be 8 OSE emee, ethaus «(pias Om Le 22 37 | 38 | 67 
HinieG ese mmemecne nates. Us A oe es Bel ee 10 33 20 | 23 
GY TI GLVGS oes eee eee terete ee Se a SE es ee Je 3 18 | 14 2 
We II CICS peat ee eee eerie SMa UENO eo ee eee ee ee 0 0 ff) 100 
Si imch ecm secre ewe eam eee as! Ok de ot Ses 2 33 4 | 67 
Quin Gh esses eee eat com aad ee ol ee ain whe Ws see 0 0 9 | 100 
PRU) TS Lp a a RS ae Ne | 2 pe a 0 0 4 | 100 
A iG Re Sa eee ener ae eens les ye dete a eed Lt | 0 0 2 | 100 
TPIT) ea Se = 15 Head see ee mp ms | 0 0 6 | 100 
SUSIE a Es aa alsa) ee ae Ae an 665 | 80 163 | 20 


A similar condition was found on the Red River burn. Here, 
as shown in Table 13, the seedlings were almost completely wiped 
out; but a greater and greater percentage of the trees survived as 
the size increased. On the area of the plots, covering a little more 
than a fifth of an acre, 22 per cent of the young trees lived, an 
equivalent of 676 to the acre. Because of the good distribution and 
the fair amount of living reproduction, the fire had been beneficial or 
at least neutral in its effect on reproduction. On this, as on the area 
previously described, not all the land within the exterior boundaries 
of the fire was covered by the flames. 


TABLE 13.—Effect of light fire on young growth of western yellow pine 


{Sample plots totaling 9,000 square feet (0.207 acre) in area, Lassen County] 


Diameter of trees breast high Total killed Total alive 

e Number | Per cent | Number | Per cent 

Wrder2 inchesk(Scedlin gs) see eet! ARE EAE eke 222 97 8 | 3 
Du OS eee eee Be ge Wee a 188 78 53 | 22 
SY GHEE eee Dh a ee ea A i ea ee 53 | 55 43 45 
AINGNGS= = = aoe eee MOOt ete tes) Mee boot Soto 14 | 45 17 55 
Bh hag Ss SE 2 Rag ecg > eee ee re 7 44 g 56 
GuNiChes feat eS Pa i a 5 OE BIRR ries 2 Ea actibes cates 1 25 3 75 
Ze Mba Ga ght se a EBS SS 2c ae Ly gil i ae Oe era) 2a nk ge ed 3 | 43 4 | 57 
Rin chesuee eee eee ae ey ee ee a hp eae Se 0 | 0 | 3 | 100 
Sop al resent MOON Se oe ep 488 78 | 140 22 


With summer fires, these dense groups of reproduction, even in the 
sapling and pole stages, are peculiarly ee to crown fires, just 
as the larger second-growth stands are. Hven where the thinning 
effect of leks fire is apparently beneficial, basal scars are formed on 
many of the surviving trees, as shown on the areas already cited. 
There can be little doubt that these scars are likely to prove a source 
of weakness during the life of the trees. 


RELATIVE SUSCEPTIBILITY OF VARIOUS SPECIES 


In a plot on the White Horse burn, Modoc National Forest, in a 
mixed stand of reproduction, all the species were intermingled, and 
the trees were less than 4 inches in diameter. The data given in 
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Table 14, taken from this area, illustrate this relative resistance of the 
principal species to light fires. In short, the western yellow pine is 
found to be the most fire-resistant species, cedar and ne highly sus- 
ceptible, and sugar pine probably close to western yellow pine in its 
resistance. The relative order of the species is found to be similar 
to that for mature timber in resistance to crown injury. 


TABLE 14.—Relative susceptibility to fire injury of different species of young 


growth less than 4 inches in diameter 


[White Horse fire, 1920, Modoc National Forest] 


Total killed Total alive 


Species (basis) 


Westen. yellow. pine: 2224 — pet ya Se Ce 485 363 75 122 25 
Sugar pine. |. (Peprd -oy i 74t - bc et cect Vo ee > 5 4 80 1 20 
WihiLedhin sa Pee Seti ear ee ipa staan 126 123 98 3 2 
Inycense’cedarss 2s the) Sebi Saye ees 54 54 100 0 0 


A-similar study, the Castle Rock light burning, was started in 1911 
in the Shasta National Forest and continued for several years. On 
this area Douglas fir is the associated species in place of white fir. 
The results of the investigation showed western yellow pine to be the 
least susceptible, incense cedar the most susceptible, and Douglas fir 
intermediate. It is noteworthy that these results are in line with 
the results obtained by the California Forestry Committee (6) in 
their hundred per cent survey ot light burning on the Moffitt Creek 
area in the Klamath National Forest, as shown in Table 15. 


TABLE 15.—Relative susceptibility of young growth to fire injury 


[Strip, 2.6 acres; Moffitt Creek light-burning area, Klamath National Forest; burn of June, 1922] 


Surviving trees, by height groups 


Species | = 

14 to 3 feet | 4to6feet | 7 toS8feet | Over 8 feet Total 
No. | P.ct.| No. | P.ct.| No. | P.ct.|° No. | P.ct.| No. | P.ct. 
Western vyellowapines= 2-2) eos ee 215] 1.9] 184] 3.3 33 | 12,1 62 | 42.0} 494 8.1 
St ParspIne at. eras 2S as Dee Ae | See ee y fel ER ae ee el ee ee foe CRE 6 5.0 
I OUP LAS shite aos ee a ge Nc ae ae ete 1a eee oe ee eee eer 4 | 25.0 24 4.2 
Incense cedars 1362 52) be ee te 148 Se. © OAL oad Soles aires: 6 }. 16.7 | ~211 1.4 
Total, all'speciess j. h ae nee tae S19) | ds 248 | 3.3 367} live 72 | 38.9 | 735 6.0 


EFFECT OF FIRE ON FOREST COMPOSITION 


The investigations of Hoffman (10) and others have shown that 
fire has been the dominant factor in the Douglas fir and western 
white pine regions in controlling the present composition of the vir- 
gin forests. Douglas fir and white pine, the intolerant species in 
their respective regions, are perpetuated in the mixed virgin forests 
by the elimination of the other species through crown fires. If the 
forest were allowed to develop uninterrupted by fire, it would finally 
consist of the tolerant hemlock, cedar, and white fir, which are able 
to reproduce in the shade of the old forest. Douglas fir and western 
white pine would be relegated to very minor positions in the stand. 
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PLATE V 


F-156401 


FIG. |.—THE VIRGIN FOREST 


The California pine forests have been reduced both in volume and in number of trees by suc- 
cessive light fires that have run through them for centuries. An old and open stand such 
as this can not compare in volume with fully stocked second-growth stands. However, 


reproduction is gradually taking possession of the openings, encouraged by fire protection in 
recent years 


F-94718 


Fic. 2.—THE RESULT OF A CROWN FIRE IN SECOND GROWTH 


Although crown fires are rare in old stands, in the California pine region, they often develop 
from light burns in second growth. When this occurs, the result, as in this case, is dis- 
astrous 
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F-160194 


Fic. |.—BEFORE BROADCAST BURNING OF SLASH 


A small area in northern California as it appeared before the slash was burned off by the 
broadcast method 


F-161208 


FIG. 2.—THE RESULT OF BURNING BROADCAST 


The same view as that above, after the burn. The young trees have been fire-killed and the 
area devastated, showing conclusively the undesirability of such methods of slash disposal 
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_ The influence of fire in the California pine region, in interrupting 
the normal development of the forest and in perpetuating the intol- 
erant species through its selective action, is fundamentally the same 
as in the Pacific Northwest, though the species are different. The 
result in California is attained not by occasional catastrophes, as in 
the Northwest, but by the gradual diminution of the tolerant white 
fir and incense cedar, which are easily killed by fire. The intolerant 
pines, with their ability to resist fire, are established under conditions 
unfavorable to their competitors. 

Sumilar manifestations of the importance of recurring surface fires 
in controlling the composition of forests are plainly evident in many 
parts of the western yellow pine belt on the western flanks of the 
Sierras. Since fire protection became effective, white fir and incense 
cedar are appearing in increasing proportion in what, from a mere 
tally of mature timber, would seem to be a western yellow pine 
type. 

; Awhoieli in the study of plant environment little weight has been 
given to fire, even in an uninterrupted state of nature, it has, in the 
California pine region, been a primary force in determining the suc- 
cession of forest types. 


TABLE 16.—Changes in type as a result of protection against fire, as shown by 
comparisons of merchantable stands and advance reproduction 


{as Merchantable | Advance reproduc- 
eee stand tion 
} 
Lassen National Forest: Acres Per cent Acres Per cent 
Wiestennoyellowapitiess <> seso= 6 os = ree ee 199; 600823 22-225. 127, 500 64 
Ip ee eee eee pee ae ee ws oe ee a es YY Le ee 2. S008 ete ae 1115, 000 | 351 
Hod senolespin Geetacetege as ee Pk RE G7 500k | 2 ane 6, 500 100 
ESEUIS Hares wk oe ecm ch nem tere heen ace eS nl eh ST AS LOR OO 8 | er | | Ota SeReS ae 
Plumas National Forest: 
WWesteminvellome pines se slots hs AS | ee ro | a ee 9.9 
PSSDLSE UDR OIRIYSES we See mann c DASE a eee a ae ees ee ee) ee ih Up | Sees Sa 2 | 5 
DUS eat eens eee Fe ee eee |eeee eee {Ss (Peet en en 2a 25. 2 
Miniteies s tee eet cele ret ori tel) oe afec) ed. 18oreiee a 20.8 
BICGHSE ICEL let ee ae es BI hg ek |e 5 2 Ne besa aie ete 39. 1 
(Basis, 51.2 acres.) 
Tahce National Forest: | 
Wicshoriiey Gllovy pinle=sssstys eer y ss tee bower et os aloes. (Galt 4323 hae 36 
TLE WA Ee oe ea te a eee tees Dee pcs seen 64 
(Basis, 10 acres.) 


1 Fifty per cent or more fir in reproduction determines fir type. 4 - 
2 Percentages by number of trees. Percentages by volume of merchantable timber are, for these species, 
reading down: 35, 17, 23, 15, and 12. 


THE PROCESS OF ATTRITION 


The most significant relation between fire damage and site quality 
has been referred to as attrition, that important but often unnoticed 
process that has been going on for centuries in the virgin forest. On 
such a burn as the Ham Station fire, mentioned in connection with 
Table 4, not only was a certain percentage stripped of timber, but 


this area as a whole is reverting to brush, and the brush will in turn 


.< 
® 


erage f, Napa) 


increase the intensity of subsequent fires. Another example already 
mentioned is the Howard fire, which occurred on an area the fire 
history of which is known with a reasonable degree of certainty. 
“This area has been subject for many years to repeated forest fires 
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~and by this process of attrition has been reduced in density, thereby 
increasing the amount of undergrowth. The latest fire on this area, 
which has caused tremendous damage, is the logical and inevitable 
result of the previous fire history. All such examples lead to the 
same conclusion: Fire in forest areas invariably breeds stil more 
Serious fires. 

Because of attrition, exerted in these and other ways, the present 
virgin forest, however splendidly complete and magnificent it may 
appear, is not fully stocked and represents but a part of the produc- 
tive power of the land. The volume per acre in virgin forests 
repeatedly subjected to fire is not comparable to the volume per acre 
in fully stocked second-growth forests on sites of the same quality, 
but from which fire has been excluded. One instructive example is 
illustrated in Table 17. From this table it is evident that for exten- 
sive areas of virgin forests the average yield to the acre of stands 200 
to 300 years old is very much less than the yield obtained from the 
more fully stocked stands of 50 or 60 years of age. (PI. V, fig. 1.) 


TABLE 17.—Yield of virgin forest and fully stocked second-growth forest, by sites 


[Lassen National Forest] 


| 
a Degree of 
Area of | Yield of Yield of normal 


Site| virgin virgin second- stocking 
growth |: Bera 
forest forest forest 1 | 12 Virgin 


forest 


Acres M od. ft. | M bd. ft.| Per cent 
2, 34. 74. 0 46 


1 , 149 2 

2 20, 277 24. 0 56. 0 43 
3 129, 767 16.7 40. 7 41 
4 118, 349 7.5 26. 0 29 


1 Second-growth yields are determined by analysis of 130 measured plots in fully stocked stands, second 
growth, 50 to 60 years old. 


It is unnecessary to insist either that the discrepancies shown 
above are due solely to fire or that the actual figures in this table 
are representative for the entire forest region. The inference is plain 
that even where the virgin forest has persisted fairly well in spite 
of repeated fires, the yield is naturally lower than if the area ae 
escaped from fires. A second illustration of the same truth is found 
in an estimate of the yields of virgin and fully stocked second-growth 
tracts in the Plumas National Forest, On second-quality sites the 
mature virgin stands show a present yield per acre of 28,800 board 
feet, estimating on a basis of 33,033 acres, while fully stocked second 

rowth aged 50 years, on similiar sites, shows already 27,130 board 
eet. 

From this it is seen that, for the mixed conifer forests of the west 
slope of the Sierras, the average present stand of virgin timber can 
not compare favorably in yield per acre with fully stocked young 
growth, which is already nearly equal in yield. In the rare patches 
of fully stocked virgin forest, carefully measured sample plots showed 
an average yield of 110,000 board feet to the acre, compared to 42,000 
board feet for even the average best of the typical virgin forest. These 
illustrations make it clear that the present yields of even our best vir- 
gin forests probably represent less than half/the timber-producing 
capacity of the ised. 
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The last step in the process of attrition, the ultimate effect of 
repeated fires, is the complete destruction of the productive capacity 
of the site. This ultimate result will be discussed later in consider- 
ing the effects of fire in the brush fields. 


FIRE IN SECOND-GROWTH STANDS 


In discussing the fire damage to second-growth stands, only those 
are selected for study that have followed the cutting of virgin timber 
and have attained a size sufficient to justify their exploitation for 
saw timber. This rather restricted selection is advisable because in 
the California pine region there are extensive areas of such second 
growth, which followed the cutting of the virgin forest in the early 
mining days from about 1850 to 1870, and these stands are now 
being logged. Of the total forest area of the region these stands 
form but a minor portion; but they have a as atin very much 
ereater than their area alone would indicate, for they represent the 
type and kind of forest that will become increasingly abundant as 
the virgin forest is removed and new stands take its place. These 
stands differ profoundly in many ways from the virgin forests, and 
in no way more than in their reaction to forest fires. 


THE CROWN-FIRE HAZARD 


The virgin forest is uneven-aged, or at best even-aged by small 
sroups, and is patchy and broken; hence it is fairly immune from 
extensive, devasting crown fires. Extensive crown fires, though 
common in the forests of the western white pine region,’ are almost 
unknown in the California pine region. ane crown fires may extend 
over a few hundred acres, but the stands in general are so uneven- 
aged and broken and have such a varied cover type that a continuous 
crown fire is practically impossible. A rare exception was the Ege 
Lake fire on the Modoc National Forest, where one area of 92 acres 
was destroyed. In general such stands are immune, but immunity 
to crown fires does not extend to second-growth stands, cut-over 
areas, or restocking brush fields. 

Existing second-growth stands are typically even-aged and fully 
stocked, have a continuous, unbroken canopy, and are consequently 
susceptible to the most destructive type of forest fire. To those 
familiar with the occurrence of crown fires in the dense even-aged 
forests of western white pine and Douglas fir in the Pacific North- 
west a field examination of the second-growth western yellow pine 
forests of California would be immediately convincing that these 
stands also represent an exceedingly high inherent hazard, and that 
this hazard differs from that of the virgin forest. (Pl. V, fig. 2.) 

The most extensive second-growth stands are in the Mother Lode 
region of the Sierras, centering around Nevada City. It is in this 
vicinity that the result of fires has been most carefully studied. 
For many years the practice on some of the private lands has been 
to allow light fires to run through the second-growth forest, either 


8 The western white pine region includes northern Idaho and northwestern Montana, where the western 
white pine (Pinus monticola) grows in dense, uniform stands over large areas. é 

2The Mother Lode region is the rather narrow belt lying along the edge of the central Sierras, where 
gold has been extensively mined. 
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in the spring or in the fall after the first heavy rains. Fires of 
this character, far from protecting the stand from fire damage, — 
rather increase the hazard. What this hazard is, isshown by several — 
examples of just such areas where crown fires have developed with 
disastrous results. ) 

The largest burn in second growth of this sort which was studied 
was the Rock Creek fire near Nevada City, Calif., which burned — 
from September 1 to 6,1910 (8). The following sample plot is — 
representative of conditions on this area: | 


SaMPLE Puiot oF Rock Creex Fire, 1910 
(SW. 2 NE. i sec. 32, T.17 N., R.9 E., M. D. M., near Nevada City) 


Area.—1 acre. 

Slope.—3 to 5 per cent, north exposure. 

Condition at time of examination, December, 1919: 

Timber— 

172 western yellow pines, 5 to 18 inches diameter breast high, killed. 

28 incense cedars 5 to 8 inches diameter breast high, killed. 

3 yellow pines 12 inches diameter breast high, alive. 

2 incense cedars, 7 to 9 inches diameter breast-high, alive. 
Reproduction— 

1 western yellow pine seedling, alive. 

8 Black oak coppice sprouts, alive. 

Cover.—Abundant stand of manzanita (Arctostaphylos patula) 3 to 5 feet high, 
deer brush and buck brush (Ceanothus integerrimus and C. cordulatus) 2 to 3 
feet high, dense mat bear clover (Chamaebatia foltolosa) $ to 1 foot high. — 

Hazard.—All trees killed, except two cedars, had rotted and fallen, covering the 
ae with a tangle of logs, bark, and limbs. A summer fire would spread 
rapidly. 


This fire burned a strip, 34 miles long and 14 miles wide through — 
the center of a practically continuous tract of 40-year old second- — 
erowth western yellow pine which had been regularly light burned. — 
The total burned area was 2,840 acres, of which 2,160 acres were 
timbered with this splendid second growth that averaged as high as © 
20 cords of wood to the acre. A cruise of the burn showed that on 
more than 75 per cent of the total area all trees were killed, except 
occasional isolated clumps. This fire spread through the crowns, 
utterly destroying the timber on all slopes and exposures, and resulted 
in the reversion of the burn to a worthless brushfield. At the present 
time the area is occupied exclusively by a dense stand of a number 
of brush species (Arctostaphylos patula, Ceanothus integerrimus, C. cor- 
dulatus, Arbutus menziesii, etc.), and hidden by this brush is a tangle 
of rotting logs and chunks of trees, the remains of the former forest. 
The destruction by this single fire was almost complete and far exceeds 
anything known in the virgin forests either in this particular locality 
or any other part of the pine region. 

Another destructive fire in a second-growth western yellow pine 
stand occurred near Groveland in 1917. This crown fire destroyed 
the stand on an area of 100 acres. Another similar crown fire during 
early May, near the Pilgrim Creek nursery on the Shasta Nationa 
Forest, wiped out the stand on 150 acres, although banks of snow 
were still present. 
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The Cement Hill fire on the Tahoe National Forest on Novem- 
ber 26, 1919, covered an area of over 600 acres. In spite of the fact 
that the fire was far past the time when fires ordinarily burn at all, 
it developed into a crown fire on many southerly slopes and obliter- 
ated the stand on many patches of 2 to 4 acres. 


SampLE Pitot or Cement Hix Fire, 1919 
(Sec. 35, T. 17 N., R.8 E., M. D. M.) 


Area.—0.6 acre. 

Fire history—No fires since 1881, except a small blaze confined to two trees in 
area showing scars 3 years old. Following light rain on November 4 and soak- 
ing rain on November 7, 1919, fire burned on November 24 and 25, 1919. 

Original stand.—50O years old, western yellow pine; 228 pines per acre, 5 to 22 
inches diameter breast high, 50 to 60 feet; 180 pines per acre under 5 inches 
diameter breast high. : 

Slope.—Gentle, not over 5 per cent, in a shallow swale, northerly exposure. 

Cover prior to fire.-—Very little brush, few old manzanita bushes dead from shad- 
ing of trees; some bear clover. 

Litter —Probably 1 to 114 inches thick, as judged from adjacent unburned areas. 

Reproduction.—Absent. 

Results of 1919 fire—Every tree killed on area; litter consumed to soil; bear 
clover scorched off; dead brush not all consumed. 

An enumeration in detail of all destructive fires in second-growth 
stands would merely be a repetition and amplification of the examples 
already given. Stands of this character represent an extreme hazard. 
Destruction of the forest on wide areas is to be anticipated at any 
time of the year when fires will burn at all, if fire occurs when 
weather conditions favorable to spread of fire, particularly high winds, 
prevail. 

As in the Pacific Northwest, not all fires in second-growth stands 
develop into disastrous crown fires, many either bemg controlled 
while yet small or protected by climatic and topographic conditions. 
Another reason that more extensive fires have not occurred in mer- 
chantable second growth in California is that most of the existing 
stands are in the foothill regions and are broken up into small tracts 
by agricultural clearings. 


ANNIHILATION OF STANDS 


The hazard in second-growth stands has been compared to that in 
the Pacific Northwest, ‘but there is one vital difference of ereat 
importance. Serious as the loss of merchantable material is in the 
Douglas fir and western white pine crown fires, investigation has 
proved that destruction of the stand does not reduce the burned-over 
area to a nonproductive state. Reproduction of these valuable 
species ordinarily appears promptly after such a fire, either from 

ormant seed in the forest floor or from seed on the trees at the time 
of their death. Regeneration in these regions is also readily obtained 
because of the favorable amount and distribution of moisture, and 
because of the earlier seed-bearing age of the important conifers. _ 

In striking contrast, crown fires in second-growth pine stands in 
California inevitably reduce the areas to sterility and establish a 
permanent brush cover. This is explained by the fact that dormant 
seed is not an important factor in the regeneration of these stands. 
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Moreover, seed is not borne in appreciable amounts until the stand 
is at least 60 years old, az d climatic conditions for the establishment 
of reproduction are critical at best. The reestablishment of a forest 
in a brush field is a long, slow process, for seed is scarce, rodents are 
abundant, and seedlings must compete for moisture with established 
vegetation during a long drawn out dry season. Crown fires in 
California are serious, therefore, even more because they render forest. 
land nonproductive than because they result in great destruction of 
merchantable material. As the cutting of the virgin forest proceeds 
and the area of second-growth stands is correspondingly increased, the 
problem of preventing serious damage by forest fires and, more 
important, of preventing devastation of forest lands, will be infi- 
nitely more difficult than it is in the present virgin forests. Only 
more intensive management of the second-growth forests can min- 
imize the chance for extenisve conflagration. 


EFFECT OF REPEATED SURFACE FIRES 


While it is true that heat killing is the outstanding form of damage 
in a aa stands, there are other losses which can not be over- 
looked. 3 

Studies of the effect of repeated surface fires in second-growth 
stands show strikingly the same process of attrition that is known to 
have taken place in the virgin forest. Results of studies of several 
sample plots on private land are tabulated below: 


GRAHAM RaAncH PLotT, TAHOE NatTIonAL Forest (AREA 0.3 ACRE) 


History.—This area has been regularly “‘ light burned,’’ the last fire being in 1918. 

Slope.—30 to 40 per cent, eastern exposure. 

Stand.—73 live western yellow pines 5 to 24 inches in diameter (average 12 
inches diameter 50 feetin height); age about 50 years; base of crowns 15 to 
20 feet; one old western yellow pine 42 inches in diameter; 50 trees killed 
by fire were 3 to 5 inches in diameter, mostly suppressed and intermediate; 
charred stubs of limbs to within 6 feet of ground. 

Litter.—The average of the measurements showed 1.3inches depth. The upper 
layer was of newly fallen needles; the lower mat of partly decayed needles 
had not been burned by last fire. 

Ground cover.—80 per cent of the area was covered by bear clover averaging 6 
inches in height, 6 to 8 years old, which had only been scorched by the latest 
fires. 

Brush.—Manzanita 6 to 10 feet high, mostly dead, is found in all openings. 
These old bushes had not often sprouted, but abundant new manzanita from 
seed, 6 to 8 yearsold, and 3 feet high, had come in where there was sufficient 
light. There was also an abundant mixture of deer brush 1 to 2 feet high, 
originating mostly from seed and dwarfed by grazing. The brush was only 
slightly scorched by later fire. 

Reproduction.—There were no tree seedlings even in the openings, although the 
young trees were bearing seed, and a 42-inch western yellow pine was near. 

Scars.—11 trees, or 14 per cent of those alive, had five scars, many of them long 
ones, made largely by the fires of 1910,1913, and 1918. Many of these 
scars were still hidden by bark and were not noticeable unless the bark was 
knocked off. Woodpeckers have chipped off some of the bark around scars, 
indicating insect work. 


Kirr’s Area No. 1, Tanon Nationau Forest (ArzA 1 AcRE) 
History.—Intermittently ‘‘light burned’’; last burns, in 1919, very light and 


patchy; limbs left from wood cutting were not removed from the trees, 
and patches of inner bark had been killed at the base. 


ROLE OF FIRE IN CALIFORNIA PINE FORESTS 85 


Slope.—Uniform, about 30 per cent, exposure west. 

Stand.—113 live western yellow pines 55 years old, 6 to 24 inches in diameter, 
and from 60 to 80 feet in height, 12 live incense cedars. 

Scars.—10 of the 125 living trees, or 8 per cent, had visible fire scars. 

Insect damage.— 5 trees, 11 to 14 inches in diameter, were killed by insects; 4 
live ove showed new pitch tubes of the red turpentine beetle (Dendroctonus 
valens). 

Kitt’s AREA No. 2 (ArgEaA 0.3 AcRB) 


History.—Area intermittently light burned, latest fire in the spring of 1919, which 
was light and did not spread beyond pine needles, hazard at the present time 
very high, due to great amount of inflammable material. 

Slope.—s50 per cent, northern exposure. 

Stand.—45 live western yellow pines, 6 to 20 inches in diameter by 40 to 80 feet 
in height, 50 to 55 years old; 20 dead trees, the largest 8 inches in diameter 
and 40 feet in height, had been killed by the 1919 and former fires; base of 
crowns 25 to 80 feet from ground, and dead limbs extend to ground. 

Brush.—Abundant stand of old deer brush 10 to 12 feet in height, curled over 
and festooned with needles, dead from shading by trees; a few dead man- 
zanitas also occur. 

Iaiter—1 to 1% inches deep, % inch of the upper layer of this autumn’s nee- 
dles—beneath this a mat % to 1 inch thick of partly decayed needles limbs 
and rotted parts of trees on the ground. 

Scars.—138 trees, or 20 per cent, had visible fire scars. 


(Kirr’s Area No. 3 (ArzaA 0.3 AcRE) 


History.—Area intermittently light burned; last fire was in the spring of 1919; 
no appreciable reduction in inflammable material. 

Slope.—5 per cent, northern exposure. 

Stand.—16 live western yellow pines, averaging 16 inches diameter and 75 feet in 
height; 12 live incense cedars, averaging 12 inches diameter; trunks free of 
limbs up to 10 to 15 feet, and base of crowns 25 to 30 feet from ground. 

Brush.—Practically absent. 

Litter.—11% inches deep, upper layer fallen since spring fire. 

Reproduction.—No small seedlings are present, except along a ditch where pro- 
tection from past fires was afforded, and here are to be found several west- 
ern yellow pine seedlings 2 to 3 years old. A few incense cedar seedlings 
had germinated since the last spring burn. 

Scars.—13 out of 16 western yellow pines and 7 of the 12 cedars were fire 

scarred; 6 of the trees had fire scars 4 to 10 feet high. 


The repeated fires in these areas have undoubtedly been more con- 
centrated in time than have the fires in the virgin forest. There is 
no exact information as to the date when light surface fires began in 
the second-growth stands, but it is quite probable that most of them 
have occurred in the last 20 years. Some of the plots show that the 
fires, though of insufficient intensity to develop as crown fires, were 
nevertheless hot enough to destroy the intermediate and suppressed 
trees from 3 to 5 inches in diameter. In spite of their vigorous 
growth the young trees, through repeated burning of fire scars, are 
eventually burned down, just as in the case of mature timber in the 
virgin forest. . 

A half-acre plot of second growth examined is of particular interest. 
On this area were 42 western yellow pine trees 50 years old and from 
8 to 20 inches in diameter which had survived a severe fire in 1898, 
the Rock Creek fire of 1910, and numerous light surface fires, includ- 
ing the last one, in 1918. Asa result of a heavy windstorm on No- 
vember 26, 1919, 20 of these trees bearing large scars formed originally 
by the 1898 fire and subsequently enlarged by the succeeding fires 
were broken off at the scarred places. None of the 22 unsearred trees 
was thrown during this windstorm. Additional examples could be 
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cited, but they would merely confirm the conclusion that repeated 
surface fires deplete second-growth stands in the same manner as they 
do the virginforest. Further, the gradual thinning of the forest allows 
the invasion of brush and other inflammable cover so that succeeding 
surface fires more readily develop into disastrous crown fires. 


OTHER FORMS OF FIRE DAMAGE 


In general, the secondary and indirect forms of damage resulting 
from surface fires are similar to these forms of damage in the virgin 
forest. Destructive insect attacks in timber of this character are 
almost invariably associated with fire, since second-growth stands are 
normally immune to ravages of forest insects. 

The reduction in the rate of growth as the result of crown injuries 
by fire has been little studied, but there is no reason to doubt that 
it is a weighty factor in reducing the yield. 

The study of fire damage in second-growth forests thus reveals two 
major conclusions: (1) that the danger from extensive crown fires is 
very much more serious than in the virgin forest; and (2) that the 
other forms of loss found in the virgin forest occur on and are equally 
inimical to second-growth stands. 


OCCASIONAL BENEFITS 


Occasionally a single surface fire in second-growth stands may be 
beneficial rather than harmful. This is true when a very light 
eround fire occurs in a stand so heavily stocked that growth is seri- 
ously retarded by the very denseness of the cover. If a fire of 
exactly the right intensity runs through such a stand it will result 
in killing many of the intermediate and suppressed trees, without 
seriously injurmg the principal individuals of the stand, consisting 
of the dominant and codominant trees. This possible use of fire is 
treated in greater detail later in examining the proper field for employ- 
ing fire in forest management. At this point it is only necessary to 
note that benefits from a single fire occur under an exceedingly narrow 
range of conditions, and that serious dangers are inherent in the 
employment of fire in the promiscuous thinning of forest stands. 


FIRE DAMAGE ON CUT-OVER AREAS 


In most forest regions, fires in cut-over areas are More intense and 
destructive than in virgin timber. An accumulation of inflammable 
slash is present, the openness of the remaining stand offers no barrier 
to the sweep of the wind, and standing snags scatter sparks broad- 
cast in advance of the main fire. Detailed studies in recent years of 
many such areas in practically all parts of the pine region disclose 
the fact that the action of fires on cut-over land is generally about 
the same as that of fires in brush fields. That is, wherever the fire 
burns, except in rare cases among spring or fall fires, the new growth 
which survived logging is wiped out and the number of remaining 
seed trees is seriously reduced. 

Next only to fires in restocking brush fields, fires m cut-over lands 
present the most serious problem both in the completeness of de- 
struction and in difficulty of control. This problem will become in- 
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creasingly important as the cutting of the virgin forest progresses 
and the nature of fires on cut-over areas makes adequate attention 
imperative. 

Of the total of nearly 1,500,000 acres cut over in the pine region, 
564,000 acres are estimated to be in a nonproductive condition, mainly 
because of fire. These 564,000 acres are either completely denuded 
of tree growth, or are depleted to the extent that less than a third of 
the stand has survived. Table 18 shows by classes of owners the 
amount of cut-over land and the amount of nonproductive land. 
The figures are approximate, being based on extensive field examina- 
tion of the larger areas, and representative samples of the smaller. 


TABLE 18.—Proportion of denuded areas on cut-over land in private ownership 


to 1922 
| Total cut- Area denuded 
Class of ownership Number | over land ! 
| (acres) | Acres | Per cent 
| pe 
Dare uSeED tah te weg nose Bae ee a ALS 24 636, 430 | 271, 970 34 
SS HO Dea VOLS ae eee ee eee ne go age 27 100, 600 20, 000 20 
ake ANION OREFALORSHE ss tae Paes Skye WE ee SENS SSS el tie be | 34 121, 050 46, 550 38 
Sor CE ee US SS ae, SE Se ee ee 76 75,000 | 25, 000 33 
Waiter and: pOwemeomMpaMmess = =ses- ee teks) tes ste | 5 34, 800 8, 900 26 
SARL AS OO oe Be oe ke ee ee ee ee eee 2.] 31, 000 12, 000 39 
SUNT GAS ete ee ee ee ee fete Uti ben) iy se! 2 94, 000 32, 300 34 
Palp and paper conmpaniesrs (os (07 is be bes ois et_ sph lite 1 14, 300 4, 300 30 
AVI TA) COLT CS = eae Ree ee ae ig ees Se a | A) 6, 47 2, 870 44 
COGMENSH Aspe part Sone heer we ce Leh ee AEE ee a 2, 982 | 355, 950 | 140, 110 39 
| | 


3,405 1, 469, 000 | 564, 000 38. 4 


1 Data from owners, county assessors, and Forest Service records. 


EFFECTS OF SLASH FIRES 


On one area in the east side western yellow pine type, experiments 
were conducted by an operating company to determine both the 
feasibility of broadcast summer burning of slash on small areas of 5 
to 25 acres and the damage resulting therefrom. The particular in- 
terest of this company was the protection of adjacent timber and the 
removal of slash in the hope of decreasing insect infestation. Plate 
VI shows views of this area before and after burning. While the 
particular object of the operator was attained in this case, the 
burning has left the area in such shape that it will require years for 
the forest to reclaim it. This is no exceptional instance, but is the 
inevitable result of such practices. 

On another typical area studied in detail a cruise of the reproduc- 
tion surviving logging was made and exactly the same area was reex- 
amined after the slash burning. In spite of the fact that the fire 
was confined to a small area and the burning was done at night, with 
consequently none of the rapid spread characteristic of slash fires, 
the results were as follows: 

Before the fire—705 small trees; 80 per cent of plots with reproduction. 

After the fire—86 small trees; 31 per cent of plots with reproduction. 

Effect of fire.—12 per cent of small trees remaining; 39 per cent of reproductive 
area remaining. 

The area can not be classed as devastated, but the figures give 
evidence that the new stand will be but a fractional part of the ca- 
pacity of the land. 
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On one part of an area logged in 1917 fire escaped and burned the 
slash, while from the other the fire was excluded. The burned area 
was, for all practical purposes, completeiy devastated. The advance 
reproduction and even the remaining seed trees were killed. Brush 
is now in possession of the ground, and the return of a reasonably good 
forest cover will be a matter of decades at best. A cruise strip on 
the area showed no living reproduction or larger trees for a distance 
of more than half a mile. The unburned area in contrast is in very 
fair condition, with a reasonable amount of advance growth and seed 
trees. 

- Fires on cut-over lands destroy the great bulk of advance reproduc- 
tion, even though seed trees may survive. Where minimum damage 
occurs, however, as is the case with uncontrolled spring or fall slash 
fires, the slash itself is incompletely consumed and the dead repro- 
duction adds to the fuel for another fire. 

Under rare circumstances, representing much less than 1 per cent 
of the total cut-over area, excellent stands of reproduction have come 
in after an exceedingly hot summer slash fire. This has occurrred on 
small areas where the fire in the early fall followed so closely upon 
cutting that the seed crop was still in the cones and was thus pro- 
tected from fire. In nearly all such instances, also, the following 
erowing season was distinctly favorable to the establishment of 
reproduction. 

Slash fires in most cases result in devastation and the occupancy 
of the land by brush. At the very least they destroy or seriously 
reduce the advance growth. Oniy under, the most exceptional 
circumstances does a new stand of reproduction follow a typicai 
slash fires. 


EFFECT ON REPRODUCING AREAS 


It should be noticed that slash fires in the pine region are as likely 
to result in a partly stocked, patchy forest, damaged by fire and 
disease, as they are to denude cut-over lands completely. While the 
complete devastation of a third out of large areas of cut-over land 
is perhaps the most serious outcome, the fact that thousands of acres 
are producing wood at only a fractional part of their capacity is of 
almost equal importance. | 

This aspect of slash fires is admirably illustrated by the results of 
an intensive cruise (/) made by one of the large operating companies 
on its own lands. This cruise was made in order to ascertain the 
amount and distribution of seed trees and of reproduction accumu- 
lated on the cut-over areas during 20 years. These areas were them- 
selves representative of the laissez-faire policy, under which fires were 
suppressed only when damage to merchantable timber or improve- 
ments was threatened. The relatively poor stocking which the 
cruise disclosed may unhesitatingly be charged to the widespread 
slash fires resulting from this policy, as indeed is recognized by the 
company itself. 

The results of the examination that was made show that on 16.7 
per cent of the total area the stocking of young trees was 60 per cent 
or better, averaging 72 per cent; on an additional 52.4 per cent of the 
area the stocking was from 10 to 60 per cent complete, averaging 
28.5 per cent; and on the remaining 30.9 per cent the stocking was 
under 10 per cent, or practically nonexistent. 


ROLE OF FIRE IN CALIFORNIA PINE FORESTS 89 


A curve drawn through the plotting of these generalized figures in- 
dicates that 50 per cent stocking or better appeared on only 22 per 
cent stock of the area. Nearly a third of the area is entirely de- 
nuded, while two-thirds show only 334 per cent stocking. Only one- 
twentieth of the entire area boasts more than 83 per cent of normal 
density of young growth. | 

It has already been shown that in many places repeated fires ulti- 
mately either deteriorate the site to a point where timber will no longer 
erow, or change the type from a desirable to a very inferior one. 
Fires on cut-over lands often duplicate at a single stroke these pro- 
found changes of site and type that in the virgin forest may require 
decades. An example of site deterioration is illustrated in Plate VII, 
Figure 1, by aphotograph taken seven years after logging opera- 
tions that were followed the next summer by a severe slash fire. A 
cruise line on the cut-over area showed in 14 miles only two living 
seedlings and no seed trees. In addition, the rabbit brush (Chryso- 
thamnus) that has occupied the area is indicative of reversion to a non- 
timber site and it is certain that the forest will not return naturally 
to this area for many tree generations. 

Sometimes the change is from commercial timber to an inferior type. 
One area, originally a western yellow-pine white-fir type, was logged 
in 1913 and a slash fire followed the logging. A large amount of 
lodgepole pine reproduction has come in, and it seems evident that 
the future forest on the area. will be composed principally of this less 
desirable species. 


FIRE IN BRUSH FIELDS 
SITE DETERIORATION 


The cumulative effects of repeated fires in forming brush fields and 
reducing the yield of timber are but different phases and stages of 
the general process of attrition. The end of this process is destruc- 
tion of all merchantable timber. The history of forests throughout 
the world teaches this one lesson of outstanding significance: Con- 
tinued abuse of the forest, through either excessive cutting, burning, 
grazing, or other agency, results in the final obliteration of the forest 
cover and such deterioration of the site that timber will no longer grow 
there. In extreme cases, no cover at all will grow. One of the princi- 
pal results of continued burning in parts of the California pine region 
has been the repetition of this process of site retrogression. The forest 
has been more susceptible in the lower limits of the timber belt, 
since at best it must struggle severely to maintain itself along this tran- 
sition zone in competition with the more drought-resisting plants. 
The same climatic factors which make reproduction of the forest more 
difficult also create critical fire conditions, so that fires are not only 
more frequent, but burn with greater intensity and destructiveness. 
It is therefore not surprising to find that at these lower limits the 
forest itself has been pushed back and the potentiality of the land to 
sustain timber has been destroyed, for many years at least. The 
ravages of successive fires, followed by erosion and leaching, have 
here critically reduced the fertility and the amount of the soil. (Pl. 

Ei efe 2%) 
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The results of the process have been very clearly worked out in 


parts of the Mother Lode region along the lower edge of the 
western yellow-pine forest. ‘The process of retrogession was partic- 
ularly rapid in this region, not only because of the unfavorable climatic 
factors, but because of the indiscriminate cutting and burning of the 
forest following the discovery of gold. There are still to be seen in 


this region the most striking contrasts of excellent second-growth 


western yellow pine in the closest proximity to nontimber producing 
areas occupied only by chamise, the characteristic plant of the true 
chaparral’ type (7). Illustrations showing the original forested lands 
contrasted with present conditions, are abundant proof that the ulti- 
mate results of continued mistreatment of forest lands are the same 
in California as elsewhere. The varioussteps in the retrogression from 
standing timber to chaparral can be found onthe ground within acom- 
paratively restricted scope. Although the extent of this retrogression 
is not known exactly, the retreat of the western yellow pine from the 
lower to the upper foothills in certain portions of the Sierra region 
has certainly amounted to several miles within the past half century, 
and for the State as a whole an area of many hundreds of square 
miles has been taken from the timber-producing zone. 

In the deterioration of the site as the result of fire, the first step is 
the destruction of the organic material and microorganisms in the 
humus of the upper soil layer. After the destruction of the vegeta- 
tive cover, erosion begins and the surface soil is carried away. Fi- 
nally, the leaching of the important soluble organic salts in the soil 
reduces fertility to a minimum (20). The moisture-holding capacity 
of the soil is also reduced and the more drought-resisting plants take 
possession of the soil. 

Whether a particular area subjected to many fires becomes a brush 
field or remains in timber depends on a number of factors, some of 
which are purely accidental. Probably the most important factors 
determining the local distribution of brush fields are topographic. 
Brush fields are far more common on upper slopes or ridges, because, 
as already explained, fires traveling ixphall become more destructive 
as they go and the timber at higher elevations is exposed to a devas- 
tating heat. A second factor of major importance is the direction of 
slope, or aspect. A careful examination of the local distribution of 
brush fields shows that the relative proportion of brush areas on various 
aspects is approximately as follows: South, 100; west, 75; east, 55; 
and north, 30. Aspect is not only important as it influences the 
intensity and severity of fires, but also as it effects regeneration on 
the drier and hotter slopes. The largest brush fields are found on 
broad slopes with an absence of topographic interference to the sweep 
of Me uiliies winds. 

f a present-day surface fire is examined in detail, it is found that 
by no means all the surface within the exterior boundaries of the 
burn was actually covered by the fire. Minor natural barriers of vari- 
ous sorts, such as outcrops of rocks, moist spots, patches of nonin- 
flammable material, and certain plants such as squaw carpet (Ceano- 
thus prostratus) that resist slow, creeping fires, unite to make it possi- 
ble for a certain amount of reproduction, even small seedlings, to 
survive fires. Other influences affecting the completeness of a burn 


10 Chaparral is the term applied to the brush cover growing on lands which are incapable of support- 
ing a commercial forest for the time being. 
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Fic. |.—FROM FOREST TO WASTE LAND AT ONE STRIDE 


Only a single severe summer fire in the slash left from logging was needed to reduce this high- 
grade forest land to an unproductive waste but one step removed from the desert. Cen- 
turies would perhaps be required to reestablish by natural means a complete forest cover 
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FIG. 2.—THE SLOWER PROCESS OF REDUCING FOREST TO BRUSH LAND 


‘On the steeper slopes the timber has first been killed and then consumed by repeated fires, 
which have at the same time impoverished the soil and left it in many places bare and sub- 
ject to erosion. The forest has been largely replaced by dense brush fields, which, with 
their high fire hazard, are a standing menace to the remaining forest as well as to the young 
trees that get a foothold in the brush. Reclaiming a site like this is slow, difficult, and 
expensive 
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F-152447 
FiG. I1.—WHERE FIRES RECUR BRUSH HAS THE ADVANTAGE 


Without fire protection, the forest gives way to the brush field; for sprouts from the stumps 
and roots of the brush quickly reclaim the area, whereas timber invasion is a long-time process 


F-93000 


Fic. 2.—BRUSH TAKING POSSESSION OF A FIRE-KILLED AREA 


Repeated fires in timber encourage the brush which, when the timber has been killed, takes 
complete possession. In a few years these snags will fall and a nonrestocking brush field 
will take the place of the former productive forest 
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Fic. 1.—REPRODUCTION ESTABLISHED THROUGH PROTECTION 


This is the response to the exclusion of fire from the brush fields. The young growth has 
been able to establish itself and will eventually, if fire is kept out, reclaim the brush to the 


forest type 


ae 
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FIG. 2.—THE RESULT OF FIRE PROTECTION ON CUT-OVER LAND 


Ten years after cutting, as a result of fire protection, the nucleus of a new forest is appearing. 
With protection continued, the brush will give way to a second growth of young pines 
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are the season when the fire occurs and the direction of wind, the 
latter largely determining whether fire burns up or down hill. 

One major result of past fires has been the stripping of the mer- 
chantable timber from nearly 1 acre out of every 7 of timber-produc- 
ing land. At a very conservative estimate, this represents a loss 
36,000,000,000 board feet of timber or, at the present rate of cutting in 
the pine region, enough to run all of the aul in the region for nearly 
half a century. 

In a comprehensive survey of the pine region of California, perhaps 
the most striking feature is the vast area of land within the timber 
belt proper that brush occupies. Disregarding entirely the chaparral, 
still no careful observer can fail to be impressed with the unproduc- 
tiveness of what was once timber-producing land. 

Out of a total area of 13,625,000 acres in 10 of the important 
national forests in the central and northern parts of California, there 
are estimated to be 1,862,000 acres of brush fields. This total area, 
comprising the Sierra Nevada, the Coast ranges north of Clear Lake, 
and the eross ranges of northern California, embraces by far the 
iargest part of the California pine region. Table 19 shows both the 
total extent and the relative importance of the brush fields in the 
different parts of this region. 


TABLE 19.—Brush-field areas in 10 of the national foresis of California 


National forest Total area ! | Area of brush fields 
. 

Acres Acres Per cent 
Gr RErcUhie ere ene ee ee ee ee og ee 1, 734, 665 254, 550 14.7 
JST Ee eee eR Pe Rese i py ee os eas ees Ged ee Penge eeeee ee Came AU ae ed 1, 724, 125 246, 200 14.3 
SHG 2 ee ev See Sb SS ee SS Se Se ee ger 1, 630, 000 318, 000 19. 5 
CHBTORRIAES 2208 22ers a CaP R EEE Peay los ee Pile eae fi be 1, 062, 572 201, 0060 18. 9 
ese ns rage Ree SP ie SE i Sa Ses aes eee On Ges ee 1, 306, 287 154, 490 11.8 
AVIS ES Ss Sei lle te ey gece gd J pt el a a ea agen 1, 458, 140 170, 000 1e7 
Verling base Sees Se! SS ae tet oe Se ho) ee een eee eee ho eee 1, 106, 137 95, 000 8.6 
ISLeSrerg he Dene SN a aps a eg ee ee en eee ee | $35, 800 58, 200 7.0 
Sirens lemisey eee SP ape oti oee Yip ict ite Se bie io 1, 104, 412 179, 230 16. 2 
STA er. Ao ae Re Se Se Ee ee Se ee | 1, 662, 560 185, 000 ll 
DONTE cee Ses oes ee See es oe Sener et 13, 624, 698 | 1, 861, 670 13.7 


1 Includes Government and private land within nationa! forest boundaries. 


RECLAIMING THE BRUSH FIELDS 


The history of such recent burns as the Howard fire proves that 
timber stands may be destroyed by repeated fires and that brush 
then occupies the ground. But just as the fire scars in the timber 
stands show that the forests have been subjected to repeated fires, so 
do the older brush fields themselves furnish convincing evidence that 
they are the result of fires. Although brush fields are spoken of as 
‘;onproducing areas, it should not be inferred that forest trees have 
been completely eliminated from the areas now occupied by brush. 
The most convincing proof that the brush fields are the result of fire 
is that within a comparatively short distance there may be found all 
the gradations from a stand of merchantable virgin timber to a stand 
of brush with no living trees. (Pl. VIII.) Other evidence that the 
brush fields were formerly timberland, and have reverted to their 
roe condition chiefly through fires, may be summarized as 
ollows: 
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1. In the largest brush fields occur scattered patches or islands of 
virgin forest in naturally protected spots, where our knowledge of 
present fires shows that timber would be least susceptible to com- 

lete destruction. Also living stands of old-growth virgin timber are 
found immediately adjacent to brush fields and occupying similar 
sites. 

2. Scattered living trees and snags, bearing the evidence of many . 
fires, are not unusual in even the largest brush fields. Even in brush 
fields with no standing trees or snags a careful search nearly always 
reveals burnt remnants of tree trunks, stumps, or hollows formed by 
the complete burning out of stumps. 

3. Repeated burnings are shown in charred remains of brush found 
in brush fields. 

4, The woody species occurring as underbrush in the virgin forest 
are the same as those constituting the cover of adjacent brush fields, 
and brush is known to sprout after fires i which conifers have been 
destroyed. 

5. Reproduction of coniferous species becomes established in the 
brush fields wherever seed trees are present and fires are absent. 

The composition of the brush fields in various regions and on 
different sites and elevations varies even more than does the compo- 
sition of the forest, the climax type. In the same way the timber 
species that are so generally invading the brush fields vary. One 
common characteristic of brush fields, however, is that they are 
themselves due to fire, and that with the exclusion of fire they are 
being replaced with the climax type, the forest. 

Thus, although the gradual process of attrition or wearing down 
of the forest through repeated fires results in what may prove to be 
the final victory of the brush over timber species, forest reproduction 
still attempts to regain a foothold in the brush fields, an attempt to 
which fire has an important relation. (Pl. IX.) 

Estimates made after years of study of brush fields indicate that 
about two-thirds of their area is reproducing sufficiently to establish 
eventually a commercial forest. The extent to which tree reproduc- 
tion is taking place depends naturally on the number and distri- 
bution of seed trees available, for regeneration can be counted on to 
a distance of only a few hundred feet from seed trees. Smaller brush 
fields, generally speaking, are restocking in a satisfactory manner. 
It is chiefly in the very large brush areas of 5,000 acres or more, as 


11 In this connection, one fact of outstanding importance should be observed, namely, that conifers in 
the pine region, unlike the redwood, do not reproduce by sprouting, and that the various species of com- 
peting woody plants, ordinarily given the collective name of brush, do so prolifically. 

Hoffm an’s study of the Kinney Creek fire, Crater National Forest, gives the sprouting propensity of 
manzanita as follows: 


] | 
Main | | 
Bush | branches | B xick New | 
number Leh oe branches | shoots 
1 3 25 48 
2 2 10 32 
3 3 15 95 


_ On the Swartz Creek fire, Crater National Forest, Hoffman reports that manzanita established 91 seed- 
lings per square yard after the fire, and that the number of individuals increased 918 times in this instance, 


ROLE OF FIRE IN CALIFORNIA PINE FORESTS 43 


on the slopes of Mount Shasta and Mount Lassen, that complete re- 
stocking will be a matter of several tree generations, or of planting. 

The very nature of brush fields, with their dense uninterrupted 
canopy of inflammable material and their heavy accumulation of 
ground .litter, makes them strikingly susceptible to crown fires. 
Although not all brush fires develop into crown fires, a high percentage 
of them do. A crown fire in brush will destroy the young coniferous 
trees that may be present. Many investigations of fire damage in re- 
stocking brush fields have been made and all show convincingly that 
the survival of any tree growth on the area burned is the rare exception. 
Brush fires, like those in timber, are frequently patchy and do not 
cover all the area within their boundaries. On most large fires islands 
and patches escape, but they represent only a small fraction of the 
total area. 

Fires in virgin forests may destroy valuable merchantable timber, 
the capital stock, and may indeed wipeit out on asmallarea. Unless, 
however, fire is repeated a number of times, which is becoming less 
and less likely as fire protection improves, the forest suffers merely 
a reduction in density and the area remains in the productive class. 
Fires in the brush fields, on the contrary, are of serious moment, not 
because they destroy merchantable timber, but because at one stroke 
they may sweep the new forest from thousands of acres and even 
destroy the scattered seed trees that are necessary to maintain the 
forest type. 

The amount of reproduction present in the brush fields to-day is 
very much greater than would seem on superficial examination, for 
in many places the young trees are just beginning to break through 
the brush canopy and to become easily visible. This condition is 
wholly the result of 15 to 20 or 25 years of fire exclusion. Fire in 
restocking brush fields now is little less than a calamity. (Pl. X.) 

Serious as are the tremendous losses where virgin stands have been 
converted by fire into brush fields, or where fire has swept the restock- 
ing brush fields, they can not be compared with the colossal difficulties 
the brush fields present in the management and protection of the 
_ remaining forests and in the reclamation of these waste areas them- 
selves. Nor, with our present protective system, is the problem even 
approaching solution. Table 20 shows for a period of years the 

comparative size of fires in timber and in brush and the relative area 
_ of each type burned compared to the total area ofeach class. Not only 
do fires in brush attain a greater average size than in timber, but for 
_ equal areas of timber land and brush land nearly seven times as many 
_ acres of brush land are being burned each year as of timber. 


TasBLE 20.—Relative size of timber and brush fires in California, 1916 to 1918, 


inclusive 

| Timber Brush 
LEE Dy SS 08 Se i le EE he ee Ee ee acres | 10, 000, 000 5, 000, 000 
Wier is eT coe ee oe ee Pe ee Ve Fe ee AT ee ae 1, 757 1,878 

acres. .-.- 66, 690 204 7 
OSS SEE SER SS ES. 1) os i, 2 nS aaa ae { per cent... 0.7 41 
NER ERATOR TICS a =e - n= a = es -- toe e+ === acres - 114 327 
/roperiion of fires Over 10 acres in size______ ___-_.-----_.-----.------ per cent_- 18.3 _ 42.4 
renner cement eveneriee lyre SUL iat Sed ce Bolo sere $25. 75 $98. 40 


i Estimated—no absolute figures available. 
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Recent studies have shown (23) that fires in brush are far more 
difficult to control than those in virgin forest, and attain a much 
larger average size. Once started, also, they are likely to sweep into 
adjoining timber stands with an intensity that results in wiping out 
the immediately adjacent timber belt, thus extending the brush fields 

themselves. 
_ Fires in brush fields are typically crown fires and partake of the 
nature of crown fires in timber. The conclusion already pointed out. 
that one fire paves the way for greater intensity and damage by suc- 
ceeding fires applies in the highest degree to firesin brush. Without 
exaggeration, it may be said that the ultimate productivity of the 
pine region and the success of systematic forest management in Calli- 
ornia depend in large measure on the reclamation of the brush fields. 

This is not merely because the productive capacity of the brush 
lands is essential for our timber requirements, but for the more 
important reason that it will be impossible to guarantee success in 
protecting either the virgin forests or cut-over lands as long as the 
threat of disastrous crown fires in brush exists. 


DAMAGE TO WATERSHEDS 


In some of the older countries, where the effect of destructive 
agencies 1s most thoroughly understood, the secondary or indirect 
influences of the forest are given as much consideration as its value 
in producing a wood crop. 

In California, Munns’s investigations (20) have shown clearly the 
influence of fire not only on the site itself, but on erosion and run-off, 
Fires seriously reduce the mechanical interference with erosion 
afforded by the forest or brush cover, and. also destroy the fertile 
vegetable mold or humus of the top layers of soil. This reduction 
is in itself a lowering of site quality, since the nitrogenous material 
derived from humus is essential for a vigorous growth of forests. It 
also adversely affects the moisture-holding capacity of the soil, so 
that less water is held per cubic foot of soil after the fire than before.” 
Experiments over a period of years show that run-off is more rapid on 
burned than on unburned areas, and that erosion is more likely to start 
and to reach more disastrous proportions, and that the flow during the 
dry period is much less in streams heading in burned watersheds than 
in those in the forested areas. 

In so far as a single fire is concerned, even a very intense or destruc- 
tive one, the period of heavy erosion does not. continue indefinitely ; 
but particularly on brush fields and cut-over areas, where fires are 
ordinarily severe, site deterioration and erosion after fire have been 
shown to follow most readily. These secondary forms of damage— 
site deterioration, erosion, and changes in stream flow—have proved 
to be very difficult to evaluate, since their effects are not so imme- 
diate or so readily discernible as direct damage to virgin timber. 

Serious as are the results of fire and subsequent erosion on the for- 
ested lands of the mountains, it is at least an open question whether 
the tributary valley lands are not in the long run affected equally. 


12 Cooper’s studies (7) show that the soil of the forest has more humus and consequently a greater 
moisture holding capacity than the soil of the brush field. 
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As a change from extensive grain growing to intensive agriculture 
develops further in the great Galfiona valleys, the importance of an 
adequate and sustained supply of water for irrigation becomes more 
and more imperative. In some places, irrigation is the very essence 
of intensive agriculture, as in the citrus belt of southern California. 
As the valleys of the Sacramento and San Joaquin Rivers are more 
intensively used, the need for a conservation of irrigation water will 
become more and more apparent. 

The ways in which destruction of the mountain cover damages 
agriculture are the same in California as in other parts of the world, 
as many thorough investigations have shown. Reduction of the low- 
water stage of streams, the lowering of the water table, and the silt- 
ing up of valley agricultural lands, reservoirs, and ditches are princi- 
pal effects of forest destruction and are particularly important in 
regions dependent upon irrigation. 

he great hydroelectric development now under way in the Cali- 
fornia mountains may also be adversely affected by the removal of 
the forest cover, as silting of reservoirs and the disturbance of run- 
off reduce the amount of power developed. 

The tendency to ignore or undervalue the intimate relation between 
forest and brush cover on the one hand and agriculture and power 
development on the other has resulted from two principal conditions: 
(1) The supply of water for relatively extensive agriculture has been 
so abundant that there has been no need to take thought of the con- 
servation of thesupply. (2) The present point of use of water has been 
so far removed from the watersheds themselves that the water users 

enerally have failed to recognize that what may affect a far distant 
forsee or brush cover is of vital importance to them. The interests 
of the valley agriculturists are sharply in conflict with those of the 
farmer or grazier in the brushy foothill region who shortsightedly 
desires the wholesale removal of cover by burning. 

In short, although water may be used at a point far removed from 
an area suffering from forest destruction and the effects of forest de- 
struction may not be immediately evident in their relation to the 
water supply, it can not be doubted that this secondary value of the 
forests is an important consideration in California as elsewhere. 


LIGHT BURNING 
TECHNIQUE 


Light or controlled burning may be defined as the intentional burn- 
ing of the forest at intervals, witli the object of consuming much of 
the inflammable material and of so reducing the general forest-fire 
hazard that accidental fires will be controlled with ease and will cause 
but mininum damage to merchantable timber. We must, then, dis- 
tinguish between light or controlled burning proper, which has the 
specific objective of protecting forests, and general or promiscuous 
forest. burning, which disregards forest values and aims to improve 
grazing, facilitate prospecting, and render the forest more accessible. 

The technique of light burning has varied somewhat during the last 
15 years. Different practitioners have evolved different methods, 
both for controlling the fires themselves and their effect on merchant- 
able timber. In general, however, the fires are set either in spring or 
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late fall, at a time when only the top layers of litter are dry and the 
fire will burn slowly. (Pl. XI, fig.1.) The ordinary practice is to set 
the fires along ridges so that they will spread downhill and thus avoid 
the damage frequently resulting from fires that run up the slopes. 
The most elaborate of the plans followed includes scraping away the 
litter from most of the merchantable trees and even cutting brush 
and reproduction that stand close to the trees. Another plan, exten- 
sively used in flat country, involves constructing cleared fire lines 
around each 160 or 640 acre tract, felling of snags By hand near these 
lines, and burning in toward the center from the lines. Following 
these preparations, burning is practiced in the summer at night. 

Others who have employed light burning have merely set fire to the 
forest litter without any J atiak preparatory measures to protect the 
trees or control the fire, allowing the fire to run at will unless improve- 
ments were in jeopardy. 

An elaborate plan proposed, but never put in practice, contem- 
plated first the burning of snags, down logs, and extra large accumula- 
tions of débris, followed by a second treatment of the same area, in 
which ridge tops were burned, and a third treatment of upper slopes 
and minor ridges; finally came the burning of the gulches lower slopes 
and other unburned portions. A rotation of from 5 to 25 years was 
planned, depending on the degree of cleaning up accomplished by the 
first treatment and the rate of accumulation of new inflammable ma- 
terial. This scheme (1/4) recetved wide publicity, but was never actu- 
ally put into effect, and remains merely as one of the few published 
complete expositions of the light-burning technique. 


HISTORY OF GROWTH AND PRACTICE 


At the time the large private holdings of timberland were acquired 
in California 20 to 30 years ago, public opmion in the pine region 
regarded fire as a benefit rather than adetriment. Tradition credited 
the Indians with periodic burning of the forest; the crude forms of 
agriculture, such as grazing, employed fire to induce the growth of 
forage; in fact, nearly every industry of the early days used fire 
promiscuously. The simple needs of the population for wood were 
not seriously affected by forest burning, and forest lands as a source 
of timber were in people’s minds to only a very limited extent. It 
can hardly be doubted that the public point of view which the early 
lumberman and timber owner found colored their own ideas and 
approved general forest burning as an accepted practice of forest-fire 
protection. 

With evidence of past fires in the forests, and the fact that splendid 
forests had persisted through these fires, it was logical for the timber 
owner also to argue that periodic burning was not only desirable but 
necessary as a protective measure against the terrifically destructive 
crown fire high many of these lumbermen had learned to fear in the 
Lake States. Any measure that might prevent or mitigate such 
catastrophes in their new possessions was grasped eagerly. Deeply 
concerned with maintaining the integrity of their investment, it 
seemed to the owners of large areas of timberland that to reduce 
the amount of inflammable material in the forest was absolutely essen- 
tial; and that if this reduction could be accomplished, the safet 
of their investment, the merchantable timber, would be assured. 


: 


ROLE OF FIRE IN CALIFORNIA PINE FORESTS 47 


Advance reproduction, as well as brush and litter, they regarded 
simply as additional fuel. Because the only concern was for the 
merchantable timber, no value was attached to the destruction 
of small trees or reproduction. 

Thus the practice of forest burning, originally employed by graziers, 
miners, and others who had no particular concern with the forest as 
such, was accepted and employed by timber owners who had every 
possible interest in the passoniestcn of the existing forest. 

The establishment of the national forests in California, beginning 
as early as 1891, thus found forest burning an established practice. 
The idea that fires could be excluded entirely from millions of acres 
was generally regarded as preposterous and the most gloomy pictures 
were drawn of any such attempt. It was claimed that the uncon- 
trollable crown fire was to be expected as the inevitable consequence 
of allowing ground cover and litter to accumulate. Thus, in the early 
years of protection of the national forests, the forests were still open 
as a result of the repeated fires of the past. The great out- 
break of incendiarism and agitation for light burning did not come 
until later. As fire protection became an accomplished fact and the 
young growth began to fill up the open forest, the amount of inflam- 
mable material in the forests increased greatly. Thereupon renewed 
efforts were made to return to the unrestricted use of fire. The in- 
cendiary who desired an open forest and had no concern for the forest 
itself, and the light burner who honestly desired to protect the mer- 
chantable timber with fire, now became two of the most serious obsta- 
cles to successful protection, not only because of their direct action, 
but even more so because of their open preaching of fire. No at- 
tempts to suppress the activities of the one or to convert the other 
could, however, well be successful without facts of fire injury at hand, 
and these for many years were not available. 


RESULTS OF LIGHT BURNING 


There has been much discussion of the relative merits of light burn- 
ing and fire exclusion as methods of protection. The issue had to be 
met in national forest administration, and it was met by a careful 
study of the value of light burning for reducing hazards, the direct 
money cost in its application, and the indirect damage costs. In 
considering the use of fire for reducing special hazards, answers were 
sought to three principal questions: (1) Were the objects sought 
accomplished; (2), what were the costs, direct and indirect; (3) how 
do the benefits and costs balance? The results of these studies are 
worth examining in detail. 


WITH MAXIMUM PROTECTION—LASSEN COUNTY 


The first extensive, deliberate light burning of recent years (24) 
was carried out in the western yellow pine and western yellow pine- 
white fir forests of Lassen County in the fall of 1910. The operator 
who carried out this project recognized clearly that even light fires 
damage merchantable timber and therefore took elaborate precautions 
to prevent the fire from even reaching the trees he was attempting 
to protect. The litter and twigs were raked from around the indi- 
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vidual trees to a distance of several feet, brush and reproduction were 
cut and thrown away from the trees, down logs and other débris were 
carefully removed from standing timber. ‘These precautions were 
taken even in the case of unscarred trees. In anticipation of a second 
burning of the area, earth was banked to a height of 6 inches around 
the largest and most valuable trees, the idea being that needles and 
twigs would be shed by this bank of earth from the immediate base 


of the tree, and that subsequent protective measures for the indi-. 


vidual tree would be unnecessary. (Pl. XI, fig. 2.) The operator 
recognized also the extra danger to trees already fire scarred. On 
such trees the additional precaution was taken of filling in the wounds 
with rock and earth, with the object of preventing fire from reaching 
the pitchy scars. 

This operation covered an area of 3,000 acres, all level or very 
gently oe land with uniform dense stand of timber distinctly above 
the average for this region. Unusual care was exercised in the burn- 
ing operation itself. The firing was done in late October after heavy 
rains had fallen, and it was only between the hours of 10 a. m. and 
3 p. m. that the fire would spread at all. Officers of the Forest Serv- 
ice who were present during the burning agreed that the greatest pos- 
sible care had been taken in protecting mature timber. These men 
reported that the use of this method was undesirable because of dam- 
age to small trees and because of the high cost of the work. 

Although exact cost figures were never eas by the operator, 
it was agreed at the time of the burning that the operation had cost 
approximately 50 cents an acre (21). This figure was used publicly 
in 1910 and 1911 without challenge, although 10 years after the burn- 
ing it was claimed that the cost was very much lower. But any fig- 
ure from 8 to 75 cents an acre would represent an enormous expendi- 
ture if the practice were applied to even a single national forest of 
1,000,000 acres. 

In October, 1915, just five years after this burning, careful stud 
was made of this area to determine the reduction, if any, in hazard, 
and the indirect costs and damages that had resulted. Much of the 
area looked, superficially, as though it had been untouched by fire 
for many years. The burn had been patchy, covering not over 50 
per cent of the ground. The only positive way of tellmg whether a 
ela! area had been burned was the presence or absence of fire- 

illed reproduction or brush. No radical change in the condition of 
the forest had resulted from the burning. 

Assuming that cover conditions on unburned spots had remained 
constant during the period since the fire, a series of 300 measurements 
of litter depth, practically equally apportioned to burned and unburned 
areas, was made. As a result of the fire, the litter depth on burned 
and unburned areas showed an increase of 50 per cent on the former, 


or as follows: 
Average Maximum Minimum 


(inches) (inches ) (inches) 
WSUTNEG BTCHRe eo ce ogee pate i tn ot ae ee 0.72 1.44 0 
Unbumed* areas. +. set ORY DE OIE Gy Ae .38 1.44 0 


This increase in the inflamable material is closely associated with 
the practice of light burning, and is explained by the fact that in con- 
suming existing litter a new and often tiierar source of the same mate- 
rial is created in the shape of needles, twigs, bark, and stems of killed 
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F-41638-A 


Fic. |.—LIGHT BURNING UPHILL AGAINST THE WIND: EARLY MORNING 


On this project the loss due to the fire hcre shown amounted to 972 board feet an acre. Snake 
Lake, Plumas National Forest 


F-98912 


Fic. 2.—MAXIMUM PROTECTION AGAINST INJURY FROM LIGHT BURNING 


The earth is banked about the base of the larger trees to afford direct protection to the tree and 
also to shed falling needles and twigs that would bring the next fire too close. This method 
has proved both expensive and inefiective, and is impracticable on an extensive scale 
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F-45051-A 


Fic. 1.—FUEL FOR THE NEXT FIRE 


This area has been light-burned annually. Each succeeding fire creates fuel for the next one 


F-156398 


Fia. 2.—A TYPICAL LIGHT-BURNING AREA IN SISKIYOU COUNTY 


The general type of country light-burned in northern California. Although the fire in this 
instance was patchy, much reproduction was killed and not consumed. A large western 
yellow pine in the foreground has been burned down 
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seedlings, saplings, poles, and brush. Where this increase does not 
occur, fires must be intense enough to consume entirely the plants 
killed. ‘The considerable damage to merchantable trees by such fires 
takes the burns quite out of the class of light fires. 

An additional source of increased fuel is the brush which sprouts 
soon after the parent stock is killed. On the area mentioned not 
only had practically all the stools sprouted after the fire, but the area 
occupied by brush had increased approximately 10 per cent. The 
sprouts had attained an average height of from 3 to 5 feet within 
five years, so that the amount of this new material was fully as 
great as before the fire. 

As was to be anticipated, this light burning, with all the costly 
precautionary measures, resulted in no appreciable damage to mer- 
chantable timber, for only one mature western yellow pine tree was 
found burned down. ‘The fire was so light and so patchy that in few 
spots had damage to any reproduction other than seedlings taken 
place. Where small seedlings alone occupied burnt areas, they were 
almost entirely killed; but in some of the dense pole and sapling 
thickets the fire had beneficially thinned out the smaller and weaker 
trees. Considering the effects of the fire over the entire area, the 
data collected showed clearly that the degree of damage was not 
serious. 

The most important conclusions to be derived from the study of 
this operation may be summarized thus: This area had not been 
subjected to fire for at least 20 years before the light burn, and there- 
fore represented a typical degree of hazard under protection: Five 
years after this operation, which, though it caused a minimum of 
damage, probably cost at present wage scales as much as $1 an acre, 
the amount of inflammable material on the tract was actually greater 
than before the fire. 


INFLUENCE OF TOPOGRAPHY—SIERRA COUNTY 


An area in Sierra County, covering parts of a 2,000-acre tract, was 
burned in the spring of 1912. Two Sen types existed here. The 
western yellow pine-Jeffery pine type, with a slight admixture of 
white fir, very similar to the Lassen County area, occupied the flat 
or very gently rolling lands. Much reproduction had come in since 
the inauguration of systematic fire protection, squaw carpet covered 
a large part of the ground, and the hazard waslow. Scattered brush, 
mostly in isolated clumps, was present, but nowhere made a contin- 
uous understory over on extensive area. The rest of the stand, a 
mixed coniferous type, in which the Douglas and white firs were 
heavily represented, occupied north and east exposures ranging from 
20° to 25° in slope. Large amounts of reproduction were present 
here, and with distinctly more brush than on the flats. ) 
The area was carefully studied in the fall of 1915, four growing 
seasons after the fire. No particular measures had been taken to pro- 
tect the individual trees, and the fire had been allowed to spread un- 
til it burned out at roads and other natural barriers. But that this 
had been a light burn was evident from the fact that in most places 
where the fire had spread it had consumed only the top layer of lit- 


2027°—24——4 
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ter and left untouched or merely charred the lower and deeper 
accumulation. Cost figures were never made available by the opera- 
tor; but the expense per acre must have been extremely low, as the 
only cash outlay was in the setting of fire. 

The first striking feature disclosed was that the fire spread freely 
through the western yellow pine-Jeffrey pine type, but entirely failed — 
to cover the ground in the mixed conifer type. Dozens of fires had — 
been set on the slopes, often by collecting dry material, but these fires 
invariably went out after covering a spot a few feet in diameter. . This © 
experiment, therefore, went to prove that in a country of diversified — 
topography the flats and warm slopes will be burnable before the cooler 
and moister exposures. 

The value of the burning in reducing hazard was studied in detail 
by locating sample plots on adjacent unburned portions. The details 
of a representative sample and check plot are given below: 


Pitot 2—BuRNED 


Slope.—20° N., 45° E., near bottom of slope. 

Elevation.—4,750 feet. | 

Depth of litter—Maximum, 0.07 foot; minimum, 0.00 foot; average of 20 meas- 
urements, 0.05 foot. 

Underbrush.—W hitethorn clumps now cover 30 per cent of the plot, though before ~ 
the fire not more than 10 per cent was covered. 

Reproduction.—Heavy stand of reproduction killed; only one live seedling found. 

Hazard.—The trampling by sheep has reduced the danger temporarily, but fire 
could run over most of the plot. 


PiLotT 2,—UNBURNED.-. 


(Adjoining area with same conditions of slope, elevation, and exposure) 


Depth of litter—Maximum, 0.09 foot, minimum, 0.00 foot, average of 20 meas- 
urements, 0.04 foot. Distributed more uniformly than on plot 2. 

Underbrush.—Only one whitethorn alive; several killed by suppression; small 
amount of grass and weeds. 5 

Reproduction.—Area uniformly covered with dense thickets of seedlings, and 
small saplings of incense cedar. 

Hazard.—Fire danger higher than on plot 2, because crowns of reproduction 
reach to the ground; no greater, if only litter is considered. 


On the burned plots studied in detail the average depth of litter 
was 0.075 foot and the corresponding check plots 0.058 foot. The 
actual increase in amount of inflammable material as a result of the 
, fire is further evidence that the practice of light burning gives, at the 
most, only an ephemeral reduction of hazard. Furthermore, on the 
burned plots the area occupied by brush increased about 30 per cent 
within the three years following the fire, due in part to the removal 
of the competing coniferous advance growth. 

A summary of the effect of the fire on the various classes of in- 
flammable material runs as follows, considering the effect first as it 
appeared immediately after the fire and then as it showed up three 
years later: 

UPPER LITTER 


(Needles, ete.) 


Immediate effect—Burned fairly completely. 
Subsequent effect—Renewed by natural fall from timber, from reproduction, and 
from brush killed; a noticeable increase over that before the fire. 
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LOWER LITTER 


(Compact partly decom posed) 


Immediate effect—Partially burned, charred, or untouched. 


Subsequent effect—Roughed up by wind and storm; more readily inflammable 
than before. 


BRUSH 


(Whitehorn, rabbit brush, bitter brush, and sage) 


Immediate effect.—Killed but not consumed. 

Subsequent effect.—New growth from seeds and sprouts more dense than befoe; 
ant popaded that were held before by reproduction; litter increased by 
dead brush. 


SEEDLING REPRODUCTION 


Immediate effect.—Killed, but mostly not consumed by fire. 
Subsequent effect—No new reproduction; litter from dead seedlings added to 
that from other sources. 


SAPLING REPRODUCTION 


Immediate effect.—Killed, 75 per cent; not consumed. 
Subsequent effect.—No new reproduction; dead saplings additional source of in- 
flammable material. 


POLE REPRODUCTION 


Immediate effect—Some killed; lower limbs on all poles killed. 
Subsequent effect—Dead poles and limbs add to hazard. 


MERCHANTABLE TIMBER 


Immediate effect.—Occasional large trees killed. 

Subsequent effect—Fall of needles and large quantities of cones and bark from 
killed trees form the main source of litter on the ground where these trees 
stand. 

SQUAW CARPET 


Immediate, effect.—In general, not killed or injured, but checked fire and pro- 
tected seedlings. 
Subsequent effect—Same as before the fire. 


SNAGS AND DOWN LOGS 


Immediate effect.—None completely consumed, many untouched; evidently de- 
veloped heat enough to kill large poles near by. 
Subsequent effect—Still as great a source of danger as ever. 


Although on most of this area only the top layers of litter were 
consumed, on at least one small portion intense damage resulted, 
showing once more that the lightest surface burn, unless extraordi- 
nary precautions are taken, will develop sufficient heat locally to 
destroy merchantable timber. The damage in this case occurred on 
a low ridge where the fire had simultaneously run up opposite sides 
and met at the top. Here, within about 2 acres, a total of 26 western 
yellow pine trees, ranging from 12 to 59 inches in diameter, and with 
a total volume of 59,000 board feet, were killed outright. Although 
this loss is not in itself particularly impressive, it points to one of the 
inherent dangers in light burning, the occasional flare-up of extensive 
surface fires. The amount of loss from burning down was not re- 
corded in detail. Damage from this source, however, was present 
aver the entire burned area, exceeding in amount the loss from heat 

illing. 
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Sample plots on burned ground showed that trees up to 6 feet in 
height were uniformly destroyed, and the reproduction, considering 
the area as a whole, is more patchy in its distribution as a result of 
this fire. The thinning of the smaller individuals is not of itself 
undesirable and may at times even be a benefit, but it was in these 
dense stands that the increase in the amount of litter since the fire 
was most striking. 


This fire reemphasized the conclusion previously reached on the- 


Lassen County burn that reproduction standing in squaw carpet is 
practically immune to light surface fires, because this low-spreading 
plant is sufficiently fire resistant to stop the progress of such fires. 

The most striking contrast between the Lassen County and Sierra 
County burns is in the direct and indirect costs. On one area, heavy 
cash investments in protecting merchantable timber were completely 
successful in eliminating damage to this class of material. On the 
other area, with no investment in protection of merchantable timber, 
material loss to mature trees resulted. 


DETAILED STUDIES OF HAZARD REDUCTION—SHASTA AND SISKIYOU COUNTIES 


An experimental light-burning area in Shasta County, in the mixed 
conifer type, was burned in March, 1911, with an exceptionally light 
fire, burning only the top layer of the litter and killing much of the 
reproduction without consuming it (22). The clumps of brush in 
the burned area were also killed by the fire, but again without con- 
suming the stems, twigs, or even the foliage. This experiment cov- 
ered only a few acres and was so small that no effort was made to 
study the effect of the burn on merchantable timber. Instead, efforts 
were concentrated in determining the effects on reproduction and in 
reducing inflammable material. Periodic examinations were made 
of the condition of litter, brush, and general inflammability on a 
number of detailed plots set out on the burn, the results of which 
are given in the following paragraphs: Within a year following this 
light surface fire the inflammable material had reached its original 
amount and it contimued to increase during the period of the experi- 
ment. This feature of light burning has appeared so uniformly that 
it can only be regarded as an inherent result of a surface fire. 


Examination of March, 1911, directly after the fire 


Condition of litter.—Where less than one-half inch deep, all the litter was con- 
sumed, but where deeper only the top layer burned. 

Condition of brush.—Killed and partly consumed, but much of it retaining 
scorched leaves. 

Degree of hazard.—Amount of inflammable material much reduced, to the extent 
that fire could not have spread again at this time. 


Examination of October, 1911, six months after the fire 


Condition of litter.—Amount now equal to that on adjoining areas, produced by 
dead vegetation, mainly fire killed. 

Condition of brush.—New sprouts varying from 10 to 20 inches. ~ 

Degree of hazard.—Amount of inflammable material now equal to that before fire. 


Examination of August, 1912, approximately 18 months after the fire 


Condition of litter.—Very heavy under dense sapling stands; moderately heavy 
elsewhere. 

Condition of brush.—Sprouts now 24 to 36 inches long. 

Degree of hazard.—As before, or slightly increased, with half of needles still 
hanging on fire-killed reproduction. 


» 
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Examination of September, 1913, less than three years after fire 


Litter still increased by falling leaves; brush sprouts increasing; hazard greater 
than before fire, part of needles still on trees, bark and twigs still falling. 

More recently an opportunity on a larger scale has been afforded 
for a conclusive study of the costs and results of light burning as a 
means of reducing hazard in California pine region. 

From early July until the latter part of August, 1920, a fire 
burned in the Moffitt Creek watershed in Siskiyou County, covering 
an area of about 11 square miles and causing a heavy loss in mer- 
chantable timber both by heat killing and by burning down, averaging 
3,390 board feet per acre. The land was privately owned, largely by 
the Central Pacific Railway Co. The California Forestry Committee, 
on the request of the principal owner, decided to conduct experiments 
in light burning here, primarily with the idea of keeping the hazard 
a a low point and to determine the costs of large-scale operations 
(4, ). 

The first attempt to carry out this project was made in the spring 
of 1921. After more than a month’s efforts only a very small part 
had been burned. Most of the time rains prevented burning at all, 
and a few days after the last rain the forest floor became so dry that 
it was considered dangerous to set fires. In the fall of 1921 slight 
progress was made in reburning the area. Weather conditions con- 
tinued uniformly dangerous up to the time of the first fall rains, after 
which fire would not spread. 

Similar climatic difficulties were again encountered in the spring of 
1922 when a crew of men tried for 13 days to fire the area and were able 
to burn only 32 acres. Frequent rains made it impossible to obtam 
burns even on southerly slopes during the first 10 days, after which 
the weather suddenly became dry and hot. On the thirteenth day 
fires spread so papidiy that the work had to be abandoned. 

One area of 12 acres, burned in June, 1922; just before the abandon- 
ment of the work, the fire being generally ight and spreading down- 
hill, was examined in detail in October, 1922. It was found that 6 
western yellow pines and 4 Douglas firs, totaling 5,470 board feet, had 
been burned down, while 4 western yellow pines and 3 Douglas firs, 
totaling 3,710 board feet, had succumbed to ben killing. The average 
direct loss from both these causes equaled 765 board feet per acre. 
Even this small area shows in an epitomized form the results observed 
on other light burns, that unless trees are individually protected 
material loss to merchantable timber may be anticipated. 

The effect of the light-burning operation on reproduction as shown 
by a detailed survey on 2.6 acres, was such that of the original stand 
of 280 seedlings and saplings per acre only 5.7 per cent survived. 
The area was thus left practically denuded of advance reproduction. 


REPEATED LIGHT BURNS—NEVADA AND PLUMAS COUNTIES 


It is important to determine whether repeated surface fires actually 
reduce the inflammable material to the point where forests are immu- 
nized against serious damage from subsequent fires. 

e only areas on which there are definite facts as to the cumulative 
effect of several controlled fires, either on the forest itself or in reduc- 
ing hazard, are the second-growth stands of western yellow pine on 
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private lands in the Mother Lode region. It is known that certain 
of these stands in Nevada County have been light burned more or 
less regularly for many years. Some of the results have already been 
noted in considering the influence of fire on second-growth forests. 
From these results it is clear that, as with uncontroiled fires in the vir- 
gin forest, repeated light surface burns not only do not permanently 
reduce the amount of inflammable material but actually tend to 
increaseit. (PI. XII fig. 1.) Asplendid illustration of the dubious 
value of light burning as a reducer of hazard is afforded by a study 
of the Cement Hill fire of November 26,1919. This fire, which had 
been set on one of the periodically light-burned areas, became sud- 
denly accelerated by a heavy wind and covered 600 acres, developing 
into localized crown fires on several exposed slopes and wiping out 
every tree on areas of 2 to 4 acres. 

It is noteworthy that although the fire occurred late in the fall, the 
damage was as heavy on the areas where light burning had been prac- 
ticed regularly as it was in the stands where fire exclusion has been 
maintaimed. Nor is this an isolated example of the harmful results 
from light burning, for it is a fact that summer fires in these light- 
burned forests are of not infrequent occurrence and are gradually wip- 
ing out the stand. As far as second-growth forests are concerned, the 
data prove that even repeated surface fires under the most favorable 
conditions do not reduce hazard sufficiently to prevent crown fires. 

In all the virgin forests in which light burning had been started 
from 1910 to 1917 the practice was deeb ed after the initial burn. 
This cessation made it impossible to study the effects of repeated burns 
in reducing hazard except by depending on chance fires or on an 
experimental burn. Therefore an area on the Plumas National Forest 
was selected and an experimental light burn stated by the Forest 
Service in the spring of 1919. 

Some 200 acres in the mixed conifer type with wide variations of 
slope, aspect, forest types and site quality were selected. Before the 
burning was begun a careful cruise of the original stand was made. 
In addition, a number of sample plots were established to determine 
depth of litter, density of reproduction, number of fire-scarred trees, 
size of scars, and character and distribution of underbrush. A fire 
line was then constructed around the area and burning was done at 
See from this line toward the center. Fires were set also along the 
ridges in an effort to force downhill burning rather than uphill. 
re area has been burned twice—once in May, 1919, and again in 

ay, 1920. 

ires burned freely but lightly on the warmer and drier aspects. 
Because of the abundance of squaw carpet, they did not cover all the 
ground, although a reasonably complete burn was obtained. Simul- 
taneously, fires were set on the cooler aspects; but in spite of repeated 
efforts, only small patches could be burned. This difficulty of burn- 
ing has been experienced both times the burning was done, and of 
the 200 acres within the area only 126 have been burned over to date. 
As on the Sierra County area, the largest amount of inflammable 
material exists on the coolest slopes, where the amount of under- 
growth and reproduction is materially greater than on the dry south- 
erly slopes. Even at the same elevation, a period of at least two 
weeks must elapse after south slopes burn freely before fire will 
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spread on north slopes. If burning is postponed until north slopes 
_ will carry fire, the south slopes are then so dry that the fire partakes 
_of the nature of a summer burn. 

Broadly speaking, this area was divided into two inflammability 
_ types before the burning was started. 


Type 1 


| Ground cover.—Needles, short herbaceous material, occasional clumps of brush, 
scattered squaw carpet. 
| Soil—Varying from fine to very rocky. 
Fire-line construction.—From easy, where soil is not rocky, to moderately diffi- 
cult where much rock occurs and slopes are steep. 


TYPE 2 


Ground cover.—Open to medium brush, heavy squaw carpet, bear grass. 
_ Soil.—Generally rocky. 
Fire-line construction.— Medium difficult, due to brush and rocky soil. 


The first fire covered most of the ground classed under type 1 and 
little of that under type 2. The second fire again covered most of 
type 1 and crept in patches over part of type 2. The effect of the 
two fires on type 1 has been to reduce the amount of litter, but the 
natural replacement, plus the fuel created by the fires themselves, has 
made a third fire entirely possible. The effect on type 2 has been 
negligible. Relatively little of the rather heavy litter was consumed. 
What brush was killed has resprouted, and the dead material will fur- 
nish fuel for the next fire. 

As far as can now be forecasted, several more burns will be neces- 
sary to reduce type 2 areas to a condition of inflammability compar- 
able to that attained on type 1 to date. The latter probably can 
not be brought much lower than now; so long as timber is on the 
area, the natural fall of material will replace annually whatever is 
burned. On type 2 it may be possible by repeated efforts to reduce 
the brush to the form of low 1-year-old sprouts and to reduce the 
accumulation of litter. On such areas, however, fires are dangerous, 
especially during the preliminary reduction of inflammable material, 
when a sudden gust of wind may convert an innocuous creeping fire 
into a hot and damaging one, even in the early spring or late fall. 

From the standpoint of reducing hazard, it can not be said that 
much progress has been made. The more important and difficult of 
the two inflammability classes has seately een touched, and this 
general type of course 1s the one that light burning should reach if it 
is to have any success. 

In disposing of standing snags and down logs, the burning so far 
has been far from successful. Not more than 20 per cent of the 
standing snags have gone down, and not more than 45 per cent of the 
down logs have been reasonably completely consumed on the area 
burned over. The killing of trees by insects has more than offset the 
reduction of snags existing before the fire. 

Light fires may actually increase the amount of inflammable ma- 
terial by creating new sources of fuel. This increase occurs not only 
in the smaller material but also in large dead trees. On the area 
under discussion the first fire resulted in burning down a number of 
large trees. Some of these in falling came into close contact with 
other trees and clumps of advance growth and reproduction. The 
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second fire fed on and partially consumed some of these down trees, 
the resultant intense heat killing the standing trees against which 
they had lodged. Where the down trees had fallen among young 
trees the latter were wiped out. This area,in this manner, again 
proves the principle that one fire paves the way for more destruction 
by subsequent fires. | 

Table 21 gives the data on damage to mature timber for both fires. 
The first noteworthy feature is that the loss from burning down is 
greater in the second fire than in the first. In other words, repeated 
hght surface fires over a given area continue the process of attrition 
or even accelerate it. , 


TABLE 21.—Damage to merchantable timber 


[Snake Lake experimental light burning area. First fire, 105 acres; second fire, 126 acres] 


{ 
| 


Loss in trees, by species 


Nature of damage | 
Western 


yellow pine Sugar pine 


fir cedar 


ee ee eee ee 


BURNED DOWN 


No.| Bd.ft. | No.| Bd.ft. | No.| Bd. ft. | No.| Bd.ft. | No.| Bd. ft. 
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i 

! 

| 
AVERAGE KILLED PER ACRE | | | 

| 
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Another important feature is that direct heat killing did not result 
from the first fire but from the second, occurring where trees burned 
down in 1919 lodged against standing living trees and were consumed 
in the 1920 fire. ‘The actual amount of loss from heat killing is not 
particularly striking. It does, however, point to the conclusion that 
some damage of this sort is to be expected if surface fires run over 
an area repeatedly. 

‘The serious loss from insect attacks, induced by the two fires, has 
already been noted in connection with that subject, as have the 
enlargement of fire scars and the formation of new ones. The direct 
loss to merchantable timber from all causes has averaged about 900 
board feet per acre for the two burns. 


er ee 
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None of the forms of loss which appear to be inseparable from the 
practice of light burning are in themselves catastrophes and all are 
relatively inconspicuous. The cumulative effects of repeated fires 
inevitably tend, however, toward the gradual reduction of the stand. 

The cost of burning on a relatively small area such as this can not 
be considered as representing what the cost of treating large areas 
might be, but does indicate that costs can not be ignored. 


Costs for 1919 burn: Man days 
42 Tc Ses TOPE Hye Oa FSS Hd VCC] 3) ale eid ay lal Ao i A a od ech 9 Sh 3 
Sevtine and, combrol of resell 7 Bik BUBB ied oii 5 

gs a ese Ne eh eae ee le 74 


Costs for 1920 burn: 


Fire-line construction _________-_-- Uy Sakis See pe Sd Peek ee oa3 13 
Setting ancdiconbrokie® firesqrivis ses atalino: Wiese pean Ded TE 7 
BOA cae cei ee Ree Ee Se te 2 8t 


Length of fire line, 2} miles. 

Area burned, 105 and 126 acres, respectively. 

At average wages this would amount to at least 28 cents an acre 
for each burning. At average stumpage rates $3 a thousand board 
feet the indirect cost or damage to merchantable timber would average 
about $2.75 per acre for each burning. 

The effect of the burning so far has been but a very slight reduction 
in hazard, which has been accomplished at a cost disproportionately 
great compared to the value of the results. 


USE IN INSECT CONTROL—SISKIYOU COUNTY 


In recent years, as the value of merchantable stumpage has increased 
and as every form of loss has been scrutinized more and more closely, 
owners of timberland have felt grave concern over the serious losses 
from tree-destroying insects. 

The methods of direct control developed by the Bureau of Entomol- 
ogy, United States Department of Agriculture (11, 26), require a con- 
siderable outlay of cash, can not be applied over a large area at one 
time without a highly specialized and trained organization, and are 
especially adapted to acute infestations. Therefore, in searching for 
a quick and inexpensive means to control forest insects it was natural 
that owners of pine timber should be willing to consider the practice 
of extensive light surface burning of the forest as a possible means of 
control. The view that light burning not only would control exist- 
ing insect epidemics but would prevent new ones from starting was 
first given publicity in 1916 by Stewart Edward White (27). Asa 
basis for the theory, the statement was made that serious insect 
depredations were unknown when surface fires ran frequently through 
the forests. Entomologists have, however, shown conclusively that 
losses from insects were prevalent in the past as they arenow. That 
these losses should have been overlooked or ignored i. timber owners 
is not surprising, for they knew little of forest entomology and the 
loss of a small part of the stand occasioned no trepidation even to 
owners of pine stumpage. 

In late years, therefore, the proponents of light burning have claimed 
not only that it is an excellent measure to reduce fire hazard but 
that it is the best, cheapest, and most certain method for controlling 
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tree-destroying insects. The evidence available at the time this 
theory was most widely announced indicated clearly that light burn- — 
ing was of little value in reducing hazard, and indeed that it tended | 

to increase rather than decrease insect attacks. In spite of these © 
facts, one of the large lumber companies felt justified in initiating 
some large-scale experiments to test anew the cost and value of the © 
practice. 

In 1920 an area was selected in the pure western yellow-pine type © 
of Siskiyou County, located on the level or gently rolling plateau — 
surrounding Mount Shasta. The experiment, judging by the manner — 
of its execution, was based on the followmg assumptions: | 

1. That light surface fires caused negligible loss to merchantable — 
trees; and that, therefore, no protection of individual trees was — 
required. 

2. That reasonably complete covering of the surface by the fire 
was necessary, and therefore the burning should be done in summer, 
when fires were certain to cover most of the ground. 

3. That to control the fire it was necessary to divide the area inte 
small burns, each of which could be completed in one night; and 
that, therefore, the area must be blocked by fire lines. 


4, That by burning at night the fires could be controlled and dam- 
age to merchantable timber avoided. 

5. That the cost of burning plus direct. damage to merchantable 
timber would be less than the cost of intensive systematic fire control 
until the timber was harvested one to five years from date of burning, 
ake the cost of controlling a serious epidemic of insects then preva- 
ent on the area. 

In the actual burning the area was divided by fire lines into blocks 
of 160 and later 640 acres. Snags near the line were felled by the 
saw and fires were set in the evening at the edge of the fire line and 
allowed to burn toward the center. 

The operation was carried out in the summer of 1920, and no addi- 
tional work was done in subsequent years. An examination by forest 
officers of the California district was made in July, 1921, by running 
43 miles of mechanically located cruise lines in cardinal directions 
and sampling the area sufficiently to give a representative basis for 
conclusions, or 76 acres in all. Losses were found to be as follows: 

Trees burned down, 0.237 per acre, or 425 board feet per acre killed. 

Trees heat killed, 0.167 per acre, or 220 board feet per acre killed. 
fai bers insect infested following fire, 0.334 per acre, or 440 board feet per acre 

11leqd. 

Trees affected by fire, in all, 0.738 per acre, or 1,085 board feet per acre killed. 

The most serious losses were in trees attacked and killed by insects. 
following the fire. Subtracting the average rate of annual loss for 
this region, where fires have been excluded, which is estimated at 40 
board feet to the acre, we have as the amount of loss that can safely 
be charged directly to the fire 400 board feet to the acre. 

As on other areas, an appreciable loss of merchantable timber due 
to the burning down of previously scarred trees was noted; and again, 
as previously shown, trees lost by this process were almost invariably 
the largest individuals with the highest quality of timber, so that not 
only was the total stand reduced but the average quality of the stand 
as well. (PJ. XII, fig. 2.) Reproduction was destroyed on about 
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two-thirds of the total area, which was the portion actually covered 
by the fire. 

That the insect epidemic was not lessened but actually accelerated 
was proved by the fact that the owner in the year following the fire 
concentrated insect-control operations on the burned area, practically 
following the methods used by the Bureau of Entomolgy. The trees 
burned down by the light-burning operation became a center of infesta- 
tion. The next year the insect-control crews of the company found 
it necessary to treat these very trees to protect the remaining stand- 
ing timber. In other words, the burning operation did not accomplish 
its major purpose, the control of the insect infestation. 

At the time of the 1921 examination a practically continuous layer 
of new litter had formed on the burned area and fire would again have 
covered essentially the same ground as before. The California For- 
estry Committee in an examination of the area at the time of burning 
(4) reached the unanimous conclusion that there had been only slight 
reduction of hazard, which, as a matter of fact, was originally low, 
as proved by the fact that the burning could be done during the 
summer months with only occasional flare-ups and without losing 
control of the fires. This operation demonstrates further that light 
burning, even when carried out on an extensive scale, under con- 
trolled methods, is an expensive practice. The burning done by 
160-acre blocks was reported by the California Forestry Committee 
as costing $1 per acre. Later, when burning was done by 640-acre 
units, the company reported that the cost was reduced to 374 cents 
per acre. | 

SUMMARY OF LIGHT-BURNING OBSERVATIONS 


In order for it to satisfactorily and economically accomplish the 
specific purpose of reducing the general hazard, which is its main 
purpose, light burning should meet these three conditions: 

1. The amount of inflammable material must be considerably 
reduced. 

2. The direct money cost of burning must be kept within reason- 
able limits, particularly if frequent burning of an area is found essen- 
tial to reduce the hazard. 

3. The indirect costs or damage, both in the form of merchantable 
timber and small trees, must be held to a low percentage of the total 
destructible values at stake. 

From the foregoing experiments and studies, the following main 
conclusions may be drawn. 


DIFFICULTIES OF OPERATION 


The difficulties of actually carrying out burning under any form of 
control are very great. In the spring, weather conditions may change 
so rapidly that, within a very few days after a period when fire will 
not spread at all, the danger of destructive fires may suddenly become 
formidable. 

If burning is done in spring or fall, the only time when fires can be 
handled easily and minimum damage can be expected, it is impossible 
to burn the more moist slopes. ‘Even at these seasons a sudden 
rainstorm or a sudden hot, dry period may make it impossible either 
to burn at all or to handle fires except with high expenditures and the 
likelihood of heavy damage. 
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When it comes to carrying out light burning in country of broken 
topography the difficulties are tremendous, due to the variable mois- 
ture content of the litter. While it is fairly easy to burn in stands 
where reproduction and brush is scanty and hazard low, it is extremely 
difficult to secure a burn where brush and reproduction, which it is 
desired to remove, are abundant and hazard is relatively high. 


RESULTANT HAZARD REDUCTION 


A single surface fire reduces hazard only temporarily. In one or 
two years the amount of inflammable material on the burned area is 
generally greater than before the fire. Light fires consume but a 
small portion of the inflammable material, and this material is soon 
replaced or even increased by the fall of needles and twigs from trees 
and brush killed but not consumed by the fire. 

It has, indeed, been shown, in the Lassen County fire, that five 
years after the fire the amount of inflammable material was decidedly 
ereater than before the fire. The value of banking trees with earth, 
which had so carefully been undertaken, had been lost, for the rain 
had meanwhile leveled these mounds and litter again reached the 
base of the trees. 

What is unavailing in virgin forest is even less advantageous in 
second-growth stands where even repeated surface fires at frequent 
intervals do not immunize the stand from devastating crown fires. 

Light burning has been carried out successfully only where the 
inflammable material consisted mainly of litter, with only scattered 
brush and reproduction. It has not been successful where large 
amounts of brush and reproduction are present and where the haz- 
ard is consequently high. The practice, therefore, has temporarily 
reduced the hazard only where it is already low. 


INDIRECT COST IN DAMAGE INCURRED 


A light-burning operation may be regarded, at best, as negatively 
successful when no dain ato resuits to mature timber and only moder- 
ate damage to small timber. Unless damage to merchantable timber 
can be prevented by special protection of the individual trees, the 
minimum damage to mature timber is of the same nature and magni- 
tude as that from summer fires, namely, the burning down of some 
fire-scarred trees, usually the largest and most valuable in the stand. 
In addition, an occasional flare-up on even the lightest fire may be 
expected to result in a small amount of heat killing of merchantable 
timber. The enlargement of old fire scars and the creation of new 
ones inevitably occur where fire reaches the trees. Each fire over a 
given area must thus be counted on to take its toll of large trees. 

Light surface fires, like any other, may induce sudden and inten- 
sive epidemics of tree-destroying insects, during which a rate of loss 
from 8 to 12 times as much as the normal rate may be incurred for a 
period of at least two years. 

Surface fires during any season of the year, under any method of 
control, destroy practically all seedling reproduction up to 6 feet high 
on areas actually paid Since these fires are normally patchy, 
however, a single or even a series of light fires does not necessarily 
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result in wiping out completely all small reproduction within the 
exterior boundaries of fhe haeed area. Sapling and pole reproduc- 
tion suffer less seriously. In exceptional cases dense thickets may 
even be accidentally benefited by fire through thinning out the smaller 
competing individuals. ri 

In general, surface fires, even light ones, cause material loss to 
merchantable timber and excessive loss to reproduction. 


COUNTING THE DIRECT COST 


The direct cost of light burning, either where individual trees are 
rotected or where the fire is controlled by the previously prepared 
Fes can not be set at less than 30 cents per acre. On the Lassen 
County area, as has been shown, the cost, on the basis of present wages, 
probably would amount to at least $1 an acre, a sum sufficient to give 
_10 years of intensive fire protection. Since this cost must be repeated 
indefinitely to obtain a permanent reduction of hazard, the cost to any 
owner of a large acreage would soon become impossibly high. 

The yearly cost per acre of the Forest Service fire-exclusion plan in 
California has averaged between 114 and 3 cents, depending upon the 
degree of hazard. ‘This protection has reduced the total timbered 
area burned over each year to an average of only 0.6 percent. If 
the potential timberlands in the brush fields were included in the 
computation, the rate of annual loss would be higher; but as light 
burning proper has not even been proposed for use as a protec- 
tive measure in this type, it need not be considered. Therefore, 
the average annual cost of protection, plus loss under a fire-exclusion 
policy, even with the present moderate degree of protection, is far less 
than'the average cost plus loss of controlled burning. 

Wherever light burning has been practiced, material loss has resulted. 
The best that can be expected, unless expensive protection Is given to 
the individual trees, is the burning down of previously scarred trees. 
Occasional flare-ups also may be expected which result in heat 
killing. Insect epidemics are as prone to appear on lightly burned 
as on heavily burned areas. The immediate value of trees killed in 
any Case is many times as great as the cost of fire prevention would 
have been. 

In short, no light-burned area thus far studied has failed to exhibit 
the same evil effects of fires that the practice itself is designed to 

revent. The magnitude of loss differs from that caused by summer 

es in degree rather than in kind. Even if forests are handled only 
for the merchantable timber they contain, the loss caused by repeated 
surface fires is large enough to be reckoned with. 

If forests are to be handled not only for harvesting the mature 
timber but for the protection of repeated crops of timber as well, 
general burning, whatever its intensity, then adds to the loss of mer- 
chantable timber the still more serious loss of the advance reproduc- 
tion that must form the basis of the succeeding crop. 


POSSIBLE BENEFICIAL USES OF FIRE 


The possible beneficial use of fire must naturally be such as will le 
without the range of acceleration of damage, attrition, and site 
- deterioration, or it must take these into account and outweigh them 
with superior advantages in the particular results for which it 1s 
employed. 
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All such possible uses of fire must be examined with certain specific 
questions in mind in order that a correct and balanced picture of the 
benefits and costs may be obtained. (1) Is the specific purpose of 
the burning attamed, and what is its value? (2) What is the money 
cost of the burning operation, and can the operation be carried out 
with certainty that the desired results will be obtained? (3) What 
are the indirect costs of burning, such as damage to merchantable 
timber or to reproduction? (4) How do the total costs and gains 
compare ? 

USE IN SLASH DISPOSAL 


The first and most obvious field for the use of fire as a means of 
forest protection lies in the disposal of slash following cutting. As 
long as slash exists on cut-over areas, it constitutes a menace to the 
adjacent timber as well as to the seed trees or young growth. Until. 
it has been mashed down and disintegrated by winter snows and the 
action of fungi, it is tinder for fires of unsurpassed intensity and capa- 
ble of great damage. Such fires, as has been pointed out in the dis- 
cussion on cut-over lands, always leave the burned-over areas in a 
cans condition and pave the way for a prompt invasion of 

rush. 

Efforts to reduce this danger and thus remove the likelihood of 
rapid spread of fire have naturally taken the form of efforts to sub- 
stitute deliberate, controlled burning for the more dangerous acci- 
dental burn. No method of slash burning can be said to be free from 
some damage to young growth and seed trees. The methods gener- 
ally practiced strive to reconcile maximum effectiveness, mimimum 
burn, and economy of operation. ‘These aims tend to be mutually 
exclusive, and the result is that now one and now another is favored 
at the expense of the others. The three most clearly defined methods 
in use are broadcast burning, burning in place, and piling and burning. 


BROADCAST BURNING 


The usual result of broadcast burning of slash as it les, such as 
has been common on private lands for the past few years, is that the 
fire not only removes the slash itself but covers the rest of the ground, 
at the very least destroying the advance reproduction which is so 
essential for full productivity of the area. (Pl. XIII.) Broadcast 
burning on a large scale has been employed in spring, in summer, and 
in fall from the earliest time when fires will burn until the storms of 
early winter make burning impossible. The conviction of those who 
have studied the method, as well as those who have used it, is that 
it is so uncertain, both in getting the results desired and in indirect 
cost or damage, that it can not be accepted. It is, at best, but of 
minor value in affording protection to adjacent bodies of timber. 

The previous discussion of the effect of fire on cut-over lands has 
made it clear that with conspicuously few exceptions the effects are 
disastrous. Broadcast burnings of slash in the pine region may be 
dismissed with the statement that the indirect costs or damages to 
the remaining timber and young growth are excessively high, and 
that the broadcast use of fire induces occupation of the burned area» 
by brush, 
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BURNING IN PLACE 


A second way in which slash may be disposed of by fire is to burn 
the separate piles and windrows just as thas He after the logging opera- 
tioniscompleted. This method must be employed when theslash itself 
will burn but the surface between piles will not. In practice, these ex- 
act conditions have proved extraordinarily difficult either toforecast or 
to recognize. The grave danger of burning in place is that conditions 
may be misjudged and a broadcast burn result. Another disadvan- 
tage is that with either animal or machine logging, both of which 
make trails cleared of reproduction, the slash is left in the strips be- 
ween trails mingled with the reproduction which has survived from 
the logging operation. Burning of the slash in place by spot firing 
has resulted, even under the best conditions, in very heavy loss to 
young growth. This method is generally less destructive than the 
broadcast burn, but the cost is materially higher, since the fire must 
be set to individual piles. 

Burning in place has, however, been skillfully and successfully used 
in some mixed stands of western yellow pine and white fir where only 
the pine has been logged and where the amount of slash was conse- 
quently small, and the trees left were generally large. But with the 
ordinary type of clear cutting of the forest, this practice can not be 
considered desirable because it is so uncertain and is frequently accom- 
panied by seriouslosses. Both broadcast burning and burningin place 
may result in a complete clean-up of the slash itself, but Sate at the 
sacrifice of the major purpose of slash disposal, the preservation of 
reproduction and seed trees.from accidental fire. 


PILING AND BURNING 


A third method in which fire may be employed in removing slash 
is that generally used in national forest sales, known as ‘‘ piling and 
burning.’ In this method, as logging progresses the slash is placed in 
compact piles in apenings away from the bulk of the reproduction 
and seed trees. (PI. XIV, fig.1.) The piles are then burned, usually 
in the late fall at a time when a minimum of damage will be caused 
to advance growth and seed trees. Constant study and application 
by many men over a long period of years have developed the tech- 
nique of this method to a high point and with close supervision its 
results in actual practice are generally good. Properly used the sys- 
tem cleans up from 75 to 90 per cent of the slash with a negligible 
percentage of damage to advance reproduction and seed trees. 

The necessity for skill and care in these operations may be made 
very clear by pointing out the following dangers: 

1. Misjudging climatic conditions, and burning at a time when fire 
will spread, with the result of wiping out or seriously damaging 
advance reproduction and seed trees. 

2. Sudden change in weather while burning is in progress, so that 
fires spread before they can be stopped, with the same result as noted 
above. Occasionally a heavy rain or snow in the first fall storm may 
prevent burning for a season. 

8. Touching off at one time too many piles that are close together, 
and thus drying out the litter and spreading the fire. 

4, Piles mixed in with advance reproduction, instead of being placed 
in open spots or on skid trails. This usually follows where supervision 
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is not close. In this case the piles must either be left unburned or 
be repiled, otherwise advance reproduction will be destroyed. 

5. Makin piles too large, too small, or too loose, resulting in any 
case in serious damage to advance reproduction. 

6. Failure to carry on pune progressively with logging, with the 
result that slash dries out, leaves and twigs fall off, and slash is 
incompletely cleaned up. 

The particular object of this method of slash disposal is the reduc- 
tion of hazard on cut-over areas, with the minimum damage to 
advance reproduction and seed trees. Is this object accomplished and 
to what extent ? 

At its best, as illustrated on many Government sale areas, piling 
and burning results in an excellent clean-up of the cut-over lands, 
with slight damage to reproduction. At its worst, where slash has 
been carelessly piled and burned it approximates broadcast burning 
in its effect. Studies on Government sale areas where a good job of 
piling and burning has been done show that from 6 to 17 per cent of 
the total ground area is covered by the burned slash piles, depending 
on the density of the stand and the amount of timber cut. This 
indicates conclusively that the method can be safely employed in 
reducing hazard. Cruises of such land show, moreover, that from 75 
to 90 per cent of the slash is actually consumed and that the remain- 
der is so scattered as to have no material bearing on the difficulty of 
fire suppression. To that extent the method represents a legitimate 
use of fire in forest management. Under present conditions, it is the 
maximum that can be done toward cleaning up the forest, and the 
dangers in its employment are controllable. | ; 

Does piling ee burning insure that any fire that may start can 
be suppressed within a reasonably small area ? 

The effectiveness of this measure is shown by the figures obtained 
on cut-over areas where slash has been piled and burned, showing 
that the average size of 45 subsequent fires was held to the very low 
figure of 0.4 acre, as against 9.7 acres for the average of 37 fires on 
aaieeant unburned slash areas (Table 22). The blanket protection 
afforded all these classes of land had been the same, and the conclu- 
sion is logical that piling and burning of slash is an effective means 
of reducing hazard. 

Another point to be considered is whether fires within areas where 
slash has been piled and burned do as much damage as in areas where 
the slash has not been so disposed of. Field studies of comparable 
areas indicate conclusively that while heavy loss of reproduction 
results from fires even where the slash has been piled and burned, 
seed trees ordinarily escape, and the fires burn but a small percent- 
age of the entire area. These losses, though severe, are nowhere 
near as complete or as irreparable as those resulting from slash fires. 

It may therefore be accepted that piling and burning slash is a 
beneficial use of fire and that the indirect costs or damages are not 
serious if the burning is properly and carefully done. 

The outstanding objection to piling and burning is its direct cost. 
With present wage scales, the expenditure can not beset at less than 
35 cents a thousand feet cut, and on many areas it may be as high 
as 50 cents a thousand feet. Of this cost, at least 85 per cent is 
taken up by the charge for piling, the burning usually costing only 
about 5 cents a thousand. If this cost is converted into terms of 
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FiG. |.—ADVANCE REPRODUCTION BEFORE BROADCAST SLASH BURNING 


Such reproduction is the result of fire protection, and means that the new crop of timber on 
this land is by so many years nearer maturity 


Fic. 2.—SEED TREES KILLED AND REPRODUCTION WIPED OUT 


- The same view as that above, after broadcast slash burning, tells the story of a practice that 
has made many thousands of acres in the California pine region unproductive, a loss to the 
owner, the State, and the Nation 
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F-172754 
Fic. |.—SLASH PILED READY FOR BURNING 


Where slash is skillfully piled, no more than 6 to 17 per cent of the total area is burned, with 
but little damage to seed trees or reproduction 


F-163555 


FIG. 2.—WINTER WORK IN FIRE PROTECTION 


A feasible, economical, and safe way to get rid of standing snags, combining safety with economy 
in that it gives work in the slack season 
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- TABLE 22.—Effect of piling and burning slash on size of subsequent fires, for a rep- 
resentative operation 


Piling 
No slash and 


Number and size of subsequent fires disposal | burni 
disposal 
INGERIVID ORR RELY CS 2 ek = ak no a ncn c oa Hoe eee Sten eee aE nM 37 45 
IAWCYARONIZO) secsaceesee es oo oo Eo Se SE Se acres__ 9.7 0. 4 
(Os rad (esehhiai 24 A08O) 3-8-0. = ewes eo be ee per cent_- 49 76 
<p hre (ron 24 LO 20°acked)—- oe ~~~ eee So) ose See est do_... 29 24 
926 7Hroes: COW Orit O ACLES) Soyer ate heel hk De ho cab seibes cee lee ee oa do: -4- 22 0 
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acres, with an average cut for the region of about 20,000 feet to the 
acre, the impressive figure of $7 is arrived at. Furthermore, this 
must be considered an investment merely to reduce the likelihood of 
damage after fires start;it does not eliminate the likelihood of fires 
starting. 

In summarizing, it may be stated that with our present degree of 
protection, the use of the piling and burning method is a warranted 
safeguard even at present costs. As our protection becomes more 
certain in its results, the extensive use of this method may advanta- 
_geously be modified and in many areas entirely eliminated in favor 
of more intensive patrol of cut-over areas. 


USE IN OTHER PROTECTIVE MEASURES 
REMOVAL OF RISK 


The reduction or elimination of risk is in some instances a ver 
necessary protective measure, and one which warrants partial sacri- 
fices in the form of fire injury on restricted area. In certain cir- 
cumstances the elimination of any possibility of fires starting is of 
such importance that burning off every vestige of vegetation within 
the specified tract is justified. In general practice, it may be said, 
the risk can only be reduced and not ameinlg removed. 

The most obvious occasions for this use are at donkey Sete 
along lines of highways and railroads, and at public camp grounds. 
Beyond these, the legitimate use of fire in reducing risk is a limited 
one. The only permanent reduction of risk must be accomplished 
by eliminating the causes of fire, rather than by reducing the amount 
of inflammable material. 


CONSTRUCTION OF FIRE LINES 


The use of fire lines or fire breaks of one sort or another is so 
common in all forest regions that an extended description of their 
purpose or effectiveness is not necessary. We are concerned for the 
pe with fire lines only to the extent that they may be constructed 

y the use of fire. 

Perhaps the best recent example is that furnished by a large 
apersior in the California pine region (1/6). Narrow strips were 
cleared by hand round the outer edges of lines averaging 100 feet on 
both sides of railroad right of ways, highways, and cuare Fire was 
then applied along these cleared strips and allowed to burn out the 
- intervening territory. The purpose of these fire lines was twofold— 
to reduce the inflammable material so that fewer fires would start 
within the risk area and to make it easier to control fires if they 
should start. In practice this work has proved to be a pronounced 
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success. Before the systematic attempt at reducing special dangers, — 
the company had spent $10,000 a year in 1919 and 1920 for suppressing 
fires originating on these risk areas. For 1921 the cost of constructing — 
lines along 6 miles of right of ways, of patrol following trains, and of — 
fire suppression, totaled but $3,600, and damage to cut-over land was — 
reduced to a small fraction of that for either of the two preceding years. 

The work was continued by the company in 1922. That year 186 fires © 
starting within the risk area resulted in burns totaling only 50 acres. 

The point of particular importance is that the method is effective 
and not excessive in cost. It is now being adopted more and more 
by railroad and lumbering companies throughout the California pine 
region. Ji proper care is used in burning the strips there is little 
danger of fire escaping to adjoining lands and, once constructed, the 
effectiveness of the breaks in reducing special dangers is thoroughly 
proved. Burning of the strips is required periodically, but only for 
as long as the risk exists, and not so as to involve the permanent 
relinquishment of the land for forest purposes. 

Although the use of fire on forest lands during the period of growth 
is a violation of the principles so far deduced in this bulletin, and 
although it naturally results in severe damage to reproduction within 
the burned strip, the practice is amply justified on the basis of sac- 
rificing a small portion of an area in order to secure better protection 
on the remainder. If, however, the general scale of fire protection 
were intensive enough to guarantee success on cut-over lands, the 
practice would be of doubtful expediency. 


CLEANING OF BARRIERS 


One of the chief results of repeated fires which has already been 
noted has been the creation of an almost continuous area of brush 
along the lower edge of the timber zone, part of which is restocking 
with forest trees and part of which has reverted to a nontimber type, 
or chaparral. This area is one of extreme hazard. Fires originating 
in the brush type are a serious menace to adjacent standing timber, 
and the sieobtonl of insulating the timber zone proper from the 
adjoining nontimber type is critical in many parts of the region. 

A complicating factor in the problem is that the numerous fires in 
the chaparral areas definitely reflect the state of mind of a mmorit 
of the settlers living within this zone. A small amount of forage is avail- 
able on these areas for a short time after they are burned, while dense 
unburned fields of chaparral are totally inaccessible to stock. Firing 
of these areas for low-grade, Sana agricultural use is a common 
practice and is the most serious handicap, not only in the protection 
of the chaparral areas themselves but of the adjoming timberlands. 
Until this practice ceases, protective burns are largely defensive. 

An attempt has been made to solve this problem by deliberately ~ 
burning belts of from one-half to 2 miles in width near the upper edge 
of the chaparral, or permitting fires to burn here, with the idea 
that these barriers would automatically stop the run of fires toward 
the timber zone. The cost of these protective burns has run from 
10 to 25 cents for each acre burned. ; 

A serious difficulty has been encountered in making this barrier. — 
If conditions were right for securing a clean burn of the brush, the 
fires have been difficult to confine within the desired belt; and if the 
fires were readily controlled, a complete burn was not obtained, thus 
reducing the value of the barrier. 
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Although the effectiveness of these ea burns in stopping 
large fires has not been ous established, experience so far shows 
that they are of some value in preventing fires originating in the 
chaparral from reaching the timber belt. The money cost of the 
burns is not excessive, but even with the best possible control some 
fires escape either into the adjoining brush fields that are restocking 
to timber or into the timber itself, so that this secondary cost or 
damage is therefore not to be overlooked entirely. By far the most 
important secondary loss, even if the protective burns are confined 
solely to the chaparral type, is from erosion, which in the section on 
watershed protection has been shown to be a corollary of heavy burns 
in this type. 

The use of fire for cleaning barriers must in the final analysis be 
lecarded merely as a temporary and undesirable expedient justified 
rolely because effective protection of the chaparral belt, which is 
sargely outside the national forests, has not yet been attained. 


DISPOSAL OF SNAGS AND DOWN LOGS 


Standing snags in the coniferous forest are recognized as an extra 
fire hazard (23), not only because they are often struck by lightning, 
but also because going fires are spread by sparks flying from them. 
Their danger is recognized by the universal practice of requiring that 
they be cut on Government timber-sale areas. That fire can be used 
advantageously in felling and disposing of them has recently been 
demonstrated on a large scale in the western yellow pine forests of 
northeastern California (25). Details of this work, in which both 
standing snags and down logs as well were successfully burned, will 
be found in the following figures: 


Observations made on the Modoc National Forest in 1920 


WRCACOVEVCUite ete a SOAR PS) oe TA ye oe acres __ 2, 000 
eC ene b, Gl tince pment penises ee ee ee 4, 600 
“Prees burned peranam per day) 6s 220% TO Sawa See IRAE 115 
Aversee HiuMber DUNNE PEPIACTC 4224 oo Se oY oa he te aL Dales 
Pitta Maron EEECS EON CO os cee ee ft. .b.m-_.. 5,530; 000 
Average volume per acre burned___________________-_-__-_ Cio 2, 765 
Ee veraee same uo dives trees. wet ee Ee minutes__ 4.1 
Cost of the operation: 

SanaR eR mt arty f 2 ke oe oe Se See Cie $218. 78 
OSS Re Ro ET Ca Se © a en 30. 75 
Automobile travel (416 miles at 7 cents a mile)______________ 29. 12 
Peet Seie ar Galata tenes ot er Rt nr ne be en eo 2. 30 

CPN U8 a Fae 9D Een a ee ee eee ee eee ane cee ee eee 280. 95 


Not only was the cost of this work, averaging 6 cents a tree or 14 
cents an acre, far less than if the trees had been cut with the saw in 
the usual manner at an average figure of 60 cents a tree, but in addi- 
tion, because the burning was done in winter, the fires did not spread 
on the ground and there was practically no damage to reproduction. 
Considerable additional work hes been done with species other than 
western yellow pine, notably white fir, Douglas fir, and incense cedar, 
all of which are proverbially difficult to burn after the wood has 
become at all moist. The success attained with these species is 
evidenced by the fact that out of 319 snags ignited, 82 per cent 
burned down and ceased to be a special danger. 

These experiments indicate conclusively that this method of ridding 
the forest of standing snags and down trees is feasible, economical, and 
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safe. It has the additional virtue of being possible to carry on when 
many other forms of forest work can not be done. (PI. XIV, fig. 2.) 

This method would be highly desirable on timber-sale areas, instead 
of the more costly falling by the saw method; on areas of high risk, 
such as along roads, railroad right of ways, and around camps; along 
natural or artificial fire barriers, as ridges; and along probable lines © 
of defense in fire suppression, such as roads and streams. = 


USE IN SILVICULTURAL PRACTICE 


Quite distinct from the use of fire in fire protection is its use in © 
silvicultural practice. Here as elsewhere the questions as to the © 
value of the operation, the certainty of results, the direct and indirect — 
costs, and the net advantage gained must be pertinently put and © 
answered, before such use can be regarded as legitimate. Three uses 
in silvicultural practice are presented below, somewhat tentatively, 
but with evidence to show that the results to be obtained by their 
careful and intelligent application may more than outweigh the 
dangers or losses involved. 


RELEASING REPRODUCTION 


Pee ee Te 


The reproduction of the California pine forest is difficult if a com- 
pacted layer of litter covers the ground, for the roots of the germinat- 
ing seedlings may be unable to penetrate this. The white fir and in- 
cense cedar are much less affected than the pines. Consequently under 
a fire-exclusion policy the tendency is for the reproduction which 
starts in the mixed virgin forests to be predominantly fir and cedar. © 

Sample counts of the Snake Lake area on the Plumas National 
Forest, both on the light-burned and unburned portions, showed in 
brief that not only is the amount of reproduction greater when the 
litter is removed than when it is in place, but also that the pines are 
favored over the firs and cedars. (Table 23.) 


TABLE 23.—I nfluence of heavy litier on germination 
[Snake Lake burning area, Plumas National Forest] 


| Number of seedlings to each 
| 100 square feet 


Species : 
Litter Litter Percentage 


eee removed | increase 
Western yellow; pines-A2 = seso 3 207s OS eee es Ee ee ee ae 6 29 383 
NUGAr DING. cS. oS 52. eee a ee se ae eae eee ee 2 7 250 
Mouplas firs 2S 1205 Be ei Be ee eee ee Se See 8 15 88 
WY Hhitel fir Sohn. ee ee ee ee eee 19 34 79 
‘Incense cedar... eS a ee ee ee ee 25 37 48 
otal: pe Sake er ae eee ae 60 122 103 


Another striking illustration of the influence of heavy litter in 
preventing successful reproduction was found in the Butler Meadow 
fire on the Eldorado National Forest. A part of this burn was a 
very light surface fire which crept through a dense stand of mature 
white fir. One year after the burn it was found that seedlings had 
come in at the enormous rate of 20,000 per acre where the litter had ~ 
been removed by the fire, while in undisturbed litter no seedlings — 
were found, even of white fir. 

These illustrations merely prove that fire has a possible use in 
obtaining regeneration, Obviously, its usefulness must be limited 
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to areas where heavy accumulations of litter in the dense virgin for- 
est have prevented reproduction. Further, burning must be done 
only where the mature crop is about to be harvested. This will at 
the same time secure the establishment of reproduction in advance 
of logging, and insure the possibility of salvaging such timber as is 
damaged by the fire. The necessity for permitting time for the new 
erowth to become established before logging is evident in the fact 
that cutting can not be depended upon to be undertaken at the 
Seiya time to insure an ample supply of seed, nor can any reliance 
e placed upon seed in the forest floor where litter is so deep and 
compact. Also care must be exercised to confine the burn to the 
specific areas on which the reduction of litter is desired and nothing 
approaching broadcast burning will be possible. 
here logging is under way, the breaking up of the litter is ordi- 
narily accomplished sufficiently by the logging operation itself. The 
most serious impediment to reproduction is then competing vegeta- 
tion, which can not be removed by fire. 


CONTROLLING COMPOSITION 


The data previously given regarding the relative susceptibility of 
species to heat killing point to the possible use of fire in Toone 
we composition of established stands of reproduction. Light fires in 
mixed stands tend to favor the fire-resistant pines by eliminating the 
relatively susceptible firs. ‘This differential action of fire thus suggests 
the possibility of future usefulness, but at present the most important 
point in regenerating our forests is rather to utilize completely the 

roductive power of the land than to attempt refinements in control- 
ing composition. Furthermore, we can accept established reproduc- 
tion whether there is as much pine as might be desired or not, and 
depend on thinning and on silvicultural methods of marking to leave 
sufficient seed trees to increase the pines in the future stands. 


PREPARING GROUND FOR PLANTING 


Another special use of fire that has been developed in this region 
is in burning over dense, nonrestocking brush fields as a preliminary 
to planting. This has been done with two main purposes, to reduce 
the physicial difficulties encountered in planting in dense brush, and 
to give the young trees a fairly even start with the brush during the 
first few years of the growth, rather than to force competition with a 
dense overstory already established. 

The plan has involved constructing a cleared line surrounding the 
area to be burned, followed by spring burning, in which fires set along 
the fire lines are permitted to spread toward the center of the area. 
Burning in the spring results in complete destruction of the foliage 
and smaller twigs of the brush. Only the top layers of the litter are 
consumed, leaving the lower layers and the soil itself unaflected. 

The cost on a burn of about 2,000 acres on the Shasta National 
Forest was 30 cents an acre, including the preparation of lines. Com- 
parative costs of planting in unburned and burned brush fields were 
$11.50 an acre for the former and $7.08 an acre for the latter. This 
difference in cost is explained by the much greater ease with which 
areas on which the brush cover has been removed can be planted. 
Also, on burned areas, a much closer and more effective supervision 
of labor is possible. ‘The results obtained, as has been intimated, are 
correspondingly in favor of preparing dense brush fields for planting 
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in this manner, and when computed on a basis of labor expended 
greatly reduce the total cost of the whole operation. 


USE AS AN AID IN GRAZING 


In discussing the historical development of the light-burning 
theory, it was shown that two separate motives have actuated the 
proponents of forest burning. Lumbermen and others, interested 
in thesafety and the preservation of the merchantable timber, regarded 
fire as an active agency of protection. By far the larger number, 
however, have regarded fire solely from its effect on secondary products 
and uses of forests, such as grazing, prospecting, hunting, and ease 
oi travel. Although these two ideas have been greatly confused in 
what has been said and written concerning the use of fire in our 
forests, the two ideas are fundamentally different. Light burning, 
nevertheless, has the perfectly legitimate purpose of protecting mer- 
chantable timber. Some of the lumbermen who pe practiced 
light burning regard destructive fires in the forests with as much 
abhorrence as foresters. It is with the hope of preventing just such 
destructive fires that the practice of light burning has been employed, 
even if mistakenly. 

The other group of forest burners is not interested in the timber, 
but in purely secondary uses of the land. Of this group, unquestion- 
ably, the grazier has been the most active both in actual burning and in 
preaching the active use of fire. From the standpoint of his desires, 
the object of fire is not to protect but to destroy the forest, since the 
types of vegetation in which he is interested occur but sparingly in a 
dense forest and abundantly after the forest is partially or wholly 
removed. ‘The best fire for his purpose is the most destructive, and 
though his purposes have frequently masqueraded under the euphe- 
mism of light or protective burning, they are, in reality, wholly inim- 
ical to the objectives of even the true light burner. 

This group has not only burned forests until they ceased to be 
forests, but have continued the burning of the brush fields that have 
followed the forests, until in some cases a true chaparral type with lit- 
tle value even for forage has finally become established as a result 
of site deterioration. 

The facts concerning grazing and the use of fires may be stated 
briefly, without attempting to recite in detail the specific available 

roofs. 

5 Fully stocked forest, whether even-aged or uneven-aged, with abun- 
dant reproduction, contain little forage, because the trees occupy the 
space to the practical exclusion of other plants. Fires in this type, in 
so far as they remove the timber cover, allow the entrance of other 
plants including those of value for grazing. The present extensive use 
of the virgin forests for grazing is possible only because, as a result of 
past fires, these forests are not fully stocked with timber. Therefore 
the use of fire in timber stands as an aid to grazing is permissible 
only if the highest value is for grazing and not for timber. The 
annual value of the forage crop on an average acre in the California 
mountains is, as a matter of fact, but afractional part of the value of 
the potential yearly timber growth. 

Fires in the brush fields, themselves the result of fire, make it pos- 
sible for stock to graze areas which would otherwise remain unuti- 
lized. Many of the forage brush species, if not burned frequently, 
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attain such a stature that stock can not readily browse them; and in 
certain types of brush the succulent sprouts which appear after a fire 
are palatable while the older and toughershoots are not. In brief, 
heavy burning in brush fields is evidently beneficial to grazing. It is 
not, however, beneficial to the reclamation of the brush land by forest. 

The use of fire in brush fields within the timber zone therefore 
depends upon the use to which the land is to be put. This should 
in turn be determined by the values represented by these uses. That 
the highest use is for forest in most cases is well shown by the fact 
that the average annual growth to every acre given protection will 
be at least 300 board feet, which, though far less than fully stocked 
stands will produce, is worth at the very lowest estimate 50 cents an 
acre a year, while the average annual returns from grazing on the 
best of these areas does not exceed 15 cents an acre a year and are 
usually much less. 

A third class of land upon which fire has been employed to improve 
grazing is that loosely spoken of as chaparral and already defined as 
land which, either because of adverse site or because of past abuse 
by fire, is no longer capable of producing timber in commercial quanti- 
ties. An enormous area, estimated (20) at 9,000,000 acres for the 
entire State, largely outside the national forests, is still being sub- 
jected to repeated burnings, both to increase the amount of palata- 
ble feed and to render accessible the feed which already exists. 

It has been found that burning of this type of land results in a large 
temporary increase in forage, particularly grasses. A study of this 
development, covering a burning in chamise in 1915, and followed 
closely for six years, showed that while the fire was a pronouned suc- 
cess In increasing grazing values, it encroached to some extent on the 
present timber belt and caused severe erosion on the burned area. 
Cooper indicates (7) that such repeated fires have extended the chap- 
arral type into the forests and have also resulted in the final reversion 
of chamise types to grassland. 

It appears incontrovertible that one or more fires in the chaparral 
belt are at least a temporary benefit to grazing. But it has already 
been noted that erosion is a matter of such serious moment on lands 
of this type as probably to far outweigh in importance the relatively 
small increase in the grazing value. Also, asalready pointed out on 
those chaparral areas that were once forested, the gradual restoration 
of site quality necessary before forests can again occupy the land can 
not possibly take place while even occasional fires occur. 

The whole question of grazing and fire can be summed up by say- 
ing that in the California pine region timber production and forage 
production necessarily conflict; that what is a benefit to one is usually 
a detriment to the other; and that if lands are to be handled for per- 
manent production of timber, grazing will inevitably be relegated to 
minor position in forest management as the artificial aid of fire is 


eliminated. 
THE RELATION OF DAMAGE TO FOREST MANAGEMENT 


The preceding definition and discussion of the various ways in 
which fires cause physical damage to the forests of the California pine 
region have shown that the present condition of the forests is in itself - 
the cumulative result of centuries of repeated fires, and that even a 
single fire contributes perceptibly to this process of deterioration. 


72 BULLETIN 12%, U. S. DEPARTMENT OF AGRICULTURE 


The discussion of the effect of fire would, however, be incomplete. if 
it were confined to the present physical condition of the forest. We 
are at the point in the silvical sary economic history of this country 
where the effort to preserve forest land for future forests and to ob- 
tain the highest permanent yield from such forest areas is of prime 
importance in the Nation’s welfare. The réle of fire is consequently 
nowhere more significant than in the sphere of forest management, 
or in determining what can and what can not be done in managing 
our forest properties more intensively in the future. 


EFFECTS ON LOGGING COSTS 


Loss from fire must always be considered in terms of both quality 
reduction and quantity reduction. Both these forms of attrition 
affect the merchantability of timber and the cost of logging. 

Quality reduction is effected in the destruction of the largest and 
- most valuable individual trees, and in direct loss of the best quality 
of wood in standing trees. One of the principal agencies of this form 
of loss is the fire scar, which destroys the wood of the butt and leads 
to burning down, windfall, and the entrance of insects and fungi. 
In the virgin pine forest, the trend of all fire damage, save heat kill- 
ing and the rare crown fire, is to eliminate the oldest, the largest, 
and therefore the most valuable individuals from the stand. 

Quantity reduction, or the work of attrition in thinning out the 
maturing stand, is a direct tax on what in logging costs is called the 
fixed investment. In modern logging the fixed investment is heavy, 
especially in railroad construction, and must be charged against the 
crop or the product derived from the specific area. If a body of 
timber is reduced in volume by even 10 per cent, the construction 
charge for each thousand board feet is correspondingly increased for 
the remaining 90 per cent. The increase in yarding costs brought 
about by quantity reduction is, within small limits, of minor moment, 
since it proceeds pepe from the increased frequency with which 
donkey engines must be moved, an operation that ordinarily costs 
not more than 10 cents a thousand board feet cut. On poor sites, 
however, and often such as barely justify logging at all, a loss of even 
1,000 or 2,000 feet an acre may remove the stand entirely from the 
exploitable class. How this is worked out in practice is shown 
below. 

In the first area, representing 300,000,000 board feet of annual 
cut, located on the west slope of the Sierras, in a mixed conifer type, 
the average stand per acre is reckoned at 28,000 board feet. Rail- 
road cost per thousand board feet is $1.80; yarding cost, which 
involves moving of outfits from landing to landing, is $0.51 per 
thousand; a total of $2.31 per cueisade board feet. Both these 
factors of cost are affected by density of stand. To what extent 
the total cost is affected by reduction in stand per acre is apparent 
in the following figures: 

Reduction of 500 board feet increases cost $0.04 per 1,000, or $1.12 per acre. 

Reduction of 1,000 board feet increases cost $0.085 per 1,000, or $2.38 per acre. 


Reduction of 1,500 board feet increases cost $0.13 per 1,000, or $3.64 per acre. 
Reduction of 2,000 board feet increases cost $0.18 per 1,000, or $5.04 per acre. 


Similarly, on an area on the east slope of the Sierras, in the western 
yellow pine type, representing an annual cut of 265,000,000 board feet, 


ROLE OF FIRE IN CALIFORNIA PINE FORESTS 73 


where the average stand per acre is 18,000 feet and the railroad and 

arding costs are respectively $1.50 and $0.51 per thousand, the fol- 
owing increases of cost in inverse ratio to reductions in stand per acre 
would be met: 


Reduction of 500 board feet increases cost $0.06 per 1,000, or $1.08 per acre. 
Reduction of 1,000 board feet increases cost $0.12 per 1,000, or $2.16 per acre. 
Reduction of 1,500 board feet increases cost $0.18 per 1,000, or $3.24 per acre. 
Reduction of 2,000 board feet increases cost $0.25 per 1,000, or $4.50 per acre. 


Thus, while quality reduction brings the more valuable stands grad- 
ually down to the level of the poorer ones, quantity reduction is tak- 
ing these poorer stands out of the merchantable class altogether. In 
one of these two ways, even the lightest fire that runs through the 
forest is having its part in destroying timber values for the landowner 
and for the logging operator. 


EFFECT ON SILVICULTURAL PRACTICE 


Not only do fires affect the possibility of exploiting the forests, but 
they also make the problem of securing natural reproduction much 
more difficult. Where no sale of mature timber is possible the only 
silvicultural measure available is fire protection. Many stands of 
excellent timber are so isolated in the vast brush fields of this region— 
virtually waste land from which timber has been driven by fire— 
that the expense of reaching and exploiting the scattered islands of 
valuable growth still found here ee there is not justified. And even 
where the process of repeated fires has not produced the brush-field 
stage of retrogression, it has often so far reduced the density of the 
stand that there are no continuous bodies of merchantable timber 
large enough to justify modern logging operations, with their heavy 
investment in transportation. The resulting inability to encourage 
reproduction through cutting must remain until timber becomes much 
more valuable than it is now, or until, with the help of fire exclusion, 
the stands are enabled to build up sufficiently to warrant exploitation. 

An illustration of this situation is to be found in the Shasta National 
Forest. Out of an area, in round numbers, of 803,000 acres of Govern- 
ment land, approximately 215,000 acres are brush fields, and an 
additional 143,000 are protection forest or naturally treeless or barren 
land, leaving an area of 445,000 acres classed as timberland. Of this, 
some 22,000 acres have already been cut over under silvicultural 
management and an aditional 30,000 acres can be exploited profitably 
under present economic conditions. The balance of this area, 393,000 
acres, consists of open, understocked stands of patches of excellent 
merchantable timber surrounded by brush, or of forests so badly 
decayed that the mature timber is practically worthless. 

The difficulty of silviculture and management on stands where, 
through the influence of fire, defective trees of inferior species are 
abundant, may become very serious. Decay entering through fire 
scars has in many localities rendered white fir and incense cedar in 

articular so defective that it is often extremely difficult, in national 
orest sales, to have them cut as closely as good silvicultural practice 
and sanitation, or the removal of infected trees, demand (1/7). On 
Government timber sales these problems have been measurably 
solved by making the valuable pines carry the losses due to the 
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removal of the inferior species. On private lands, with unrestricted 
cutting, the general practice is to cull out the more valuable species 
and some of the more sound trees of inferior species, leaving as a 
nucleus for a new forest the most badly decayed and least valuable 
species and individuals. 

Silvicultural practice is difficult enough under these circumstances, 
but in reproducing areas even these difficulties are multiplied. There, 
as elsewhere, the average yearly loss from fire must be known and 
discounted in calculating for the future. Serious fires, which may 
delay growth or destroy the growing stock, can entirely disrupt a 
working plan. In merchantable forests under the present scale of 
protection the losses from fire can be stated with a fair degree of 
certainty; but for brush fields and cut-over areas the extra hazards 
have not yet been sufficiently recognized, nor has it been realized that 
especially intensive protection is necessary there. 

The problem of the brush fields is perhaps the most serious one to 
be met in fire protection in this region. The fires here are crown 
fires in effect, spreading rapidly and becoming difficult to control. 
They ordinarily result in the complete wiping out of all reproduction 
and frequently of all seed trees, thus reducing many areas from a 
timber-producing to a nontimber-producing type. The momentum 
acquired by fires in brush, too, tends to carry them with a rush into 
adjacent timber, gradually pushing back the forest and enlarging the 
brush field. Satisfactory protection of present timberlands can not 
be guaranteed while the threat of the brush fire exists; and as long 
as large fires continue to occur even very occasionally in brush fields 
and cut-over lands no effective system of silvicultural management 
of these lands is possible. 

Forest management is thus seen to be practicable only where a 
high degree of protection is put into effect. This prerequisite any 
workable theory of protection must provide for, and on brush and 
cut-over areas nothing less than fire exclusion can fulfill this require- 
ment. 


THE THEORY OF FIRE PROTECTION AS CONTROLLED BY FIRE 
DAMAGE 


Two principal theories of fire protection have been proposed (23). 
One of these, the minimum cost, or economic theory, postulates that 
the intensiveness of protection shall be such that the sum of protec- 
tion, suppression, and damage costs shall be aminimum. ‘The other 
has been termed the minimum damage theory and postulates that 
burned areas and hence damage shall be kept at an accepted, arbi- 
trary minimum. 

THE MINIMUM-COST THEORY 


The minimum-cost theory can be regarded as a clear-cut, sound, 
and workable theory only if there is a relation between intensity of 
protection and the reduction of damage, and if the facts and value 
of damage can be readily and accurately determined in advance. 
_ The first of these conditions is thoroughly proved, but the second is 
practically impossible. The true extent of damage, even in the vir- 
gin forest, is not easily determined, for many years must elapse before 
all the facts are at hand. The immediately evident losses are thus 
usually erroneously accepted as the complete and final result of fire. 
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Table 23 shows the extent and value of the various types of meas- 
urable damage to virgin forest, using the averages derived in this 
study. 


TABLE 24.—Summary of fire damage to merchantable timber 


Average 
Type of loss Seat Value 
sun) 
= 

Direct immediate physical loss: 

dep EVeaty Kalli oye Se ye ag RE ced prety 8 | eee Se ee ee 1, 500 $3. 00 

Peg, A BYU RGA GE OES (6 (a) yea nt ae at nC RO a a EL NE BPE EI OS oe) ees 1, 000 2. 00 
Secondary physical losses: 

NSARGCUCEIOMPO NERO Wii il ma ens atte ane SITS 5s a Ou RE es ee ee EN 500 1.00 

NLT SC CLS Smale Ae pent we onlane LUN mi ve AAT Sy! Ore Sk Se ek ee nS 1, 000 2. 00 

Ob: HYEO: SCANS 9:4 pe ea eee oe lan gD ale ie te ee ays Ba ee ea eee Er. ES Eyer 250 . 50 

AP BRIT SiS secre ee yes eke MMR See ohh My el YAO RR ey Aem 9D is ap (1) (1) 
Indirect financial losses: 

LEPRVCCUCEION: O HOUT ab ye ee ee ee ene ae ELS get Me Bi ee ac a NE a Aaa 

ZAP tncneasenm LOPLINZCOSES = fee Be. WR eee AEM LN i eee 3, 500 7. 50 
Losses to other resources: 

EHS) lst Mg aa 5 wren Man Bi 9 SA Be ALN os ORE ELST BPE A AEE a grant et ETS (4) (1) 
PS OLN rs ee a ee yt NEE, RA Aa ye og eee te ES ed (1) (1) 


1 No definite figure. 


So long as the fire damage in merchantable virgin forests is consid- 
ered to be merely the direct immediate physical loss, there is a se- 
rious undervaluation of this factor in the minimum-cost theory formula. 
But even with such an inadequate appraisal of damage, the damage 
factor far overshadows the cost of protection. 

A third consideration vitally affects the value of the mimimum- 
cost theory, and is even more difficult to weigh accurately. This is 
the task of determining and valuing the importance of forest in mod- 
ern Civilization. Forest economists (9, 28) have shown convincingly 
that the stage of civilization is intimately related to the condition 
and use of forests and indeed that the secondary and indirect benefits 
may outweigh their value as a source of useful products. Whether 
in the future forests will be more or less important than they are to- 
day is purely speculative, but certainly there can be no question that 
forests will continue to be one of the fundamental physical bases of 
civilization as we conceive it at present. 

Therefore, in considering the role of fire in forest, we can not over- 
look the vital conclusion that the continued existence of forests is of 

aramount importance, for countries which were once forested and 
ater denuded give striking proof of the dependency of civilization 
upon forests and of the impossibility of expressing in terms of money 
the value of such fundamental, primal requisites. A theory which 
proportions protection to a supposed money cost of damage can not 
in he larger sense be considered acceptable, even for our virgin 
stands. 

Further, while damage in virgin forests is ordinarily confined to a 
reduction in the quantity and quality of the stand, without annihila- 
tion of the forest, fire damage in restocking brush fields and cut-over 
lands is of a different degree. Complete or nearly complete destruc- 
tion is the rule rather than the exception with fires on such lands. 
A given degree of protection which merely keeps these lands at their 
present state of nd diive unproductivity is for all practical purposes a 
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useless expenditure of money. The present degree of protection 
results in an average fire rotation of 160 years for timberlands, even 
including the open and understocked stands, and an average of less 
than 30 years for brush fields. It may, therefore, fairly be said that 
the objects of protection are being measurably accomplished in one 
case and are not in the other. 

The minimum-cost theory is particularly difficult to use in con- 
sidering brush fields and cut-over lands. It may well be impossible 
to justify statistically*the necessary expenditures for complete exclu- 
sion of fires, the fundamental requirement once an area of brush land 
is dedicated to the production of timber. But no halfway measures 
can apply. This study has shown clearly that the primary need of 
this class of land is complete protection. Any theory which fails to 
recognize this must ultimately fail in its application and can at best 
result in merely maintaining the status quo. The brush fields, as 
now, will continually be just coming into a state of productiveness, 
after a period of decades devoted to the establishment of reproduc- 
tion, only to be again swept by fire. 

Thus the principal difficulties in a plying the minimum-cost theory 
of protection to restocking brush fields are: 

1. The factor of damage in the equation can not be readily deter- 

mined because it depends on an assumed interest rate, on assumed 
stumpage values, and on a knowledge of yields which we do not pos- 
sess. : 
2. The expenditure for protection during the first timber rotation 
is partly a capital investment and can not be charged entirely to the 
initial crop, for adequate protection not only assures the maturity 
and harvest of the advanced growth already on the ground, but per- 
petuates the forest without the expense of artificial regeneration. 


THE MINIMUM DAMAGE THEORY. 


The most simple and direct statement of our objectives as applied 
bo forest lands is contained in what is termed the minimum-damage 
theory. 

To Hike extent that present expenditures make it easier and more 
certain to establish future forest crops after the first is harvested; 
to the extent that systematic fire exclusion produces a type of cover 
which makes fire protection itself more easy; to the extent that site 
quality improves as a result of fire protection—to this extent it is 
evident that a great part of the money that must be spent in grow- 
ing the first timber crop can not be properly charged against that 
crop. It is a capital investment in the land itself which will benefit 
successive timber crops. 

Kven the most ardent advocate of forest production will recognize 
that on very poor sites and where logging is physically impossible the 
deliberate production of timber for a wood crop can not be justified, 
but the danger of confusing current and capital expenditure is that, 
through mathematical computation and by charging all expenditures 
to the initial crop, it is easily possible to make timber production even 
on favorable sites appear financially unwarrantable. 

Systematic fire protection in the virgin forest has as its object not 
merely preventing losses, but building up the forest and the quality 
of the land itself, both of which are, in part, capital investments. 
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In the brush fields, so far as our present experience goes, something 
more than the intensive use of man power is required to guarantee 
successful protection. A very comprehensive system of protective 
measures will be needed, such as will include the construction of fire- 
breaks, trails for rapid communication, and similar improvements 
serving to break up large units into smaller ones and make for easier 
fire control. It is clear that such expenditures are investments 
rather than carrying charges against the initialcrop. This distinction 
between carrying charges and capital investment in the land is one 
of fundamental importance when the financial aspects of reforestation 
are considered. 

If the brush areas continue in their present condition, the cost and 
success of protecting adjacent timber stands will be vitally affected. 
A weakness of the minimum-cost theory is that it tends to consider 
each acre of land by itself, as something apart from the forest area or 
region as a whole, whereas the problem is as complex as the forest 
region itself. What is accomplished in the regeneration of the brush 
fields is of the greatest importance not only to the brush fields but to 
adjacent virgin forests. It follows, therefore, that the cost of pro- 
tecting the brush fields is properly chargeable not only against the 
particular area but against near-by lands. 

In restocking brush fields the overwhelmingly important element 
in the cost of produeins timber is fire protection, a great part of 
which is capital investment; but the impossibility of stating pre- 
cisely which part of such expenditure is a capital investment makes 
any but the most simple and direct fire-protection theory impractic- 
able in actual application. 

To determine the justifiable protection expenditures for chaparral 
areas is even more difficult than for restocking brush fields. The 
damage resulting from fire in ch@parral can not be readily discerned 
nor accurately valued, since it consists mostly of indirect damages 
such as injury to watersheds, erosion, ete. The minimum-cost theory 
of protection applied rigidly to these areas would lead to the same 
absurdities as in the restocking brush fields. 

If the facts and figures given in this bulletin point to any one con- 
clusion relative to a desirable theory of: fire protection, it is that the 
degree of protection in the California pine region can not be mathe- 
matically restricted but must in all instances be sufficient—once it is 
determined that a given area is to be devoted to forest growing—to 
insure the continuity of the forest on such a high level of quality 
and quantity as to justify the total effort of forest management. 
The minimum-damage theory provides for this. It recognizes fire 
not merely as an enemy of the timber crop now standing, but as a 
ruthless foe to the very existence of the forest, and one whose 
destructive work is always cumulative and always aimed at finally 
reducing forest land to worthless desert or chaparral. 

Applied with a reasonable degree of intelligence, the minimum- 
damage theory is amore economical method of attacking the fire 
problem than the minimum-cost theory. It provides a complete 
rather than superficial and immediate plan of action. It considers all 
forms of loss and total damage rather than merely the more obvious 
and less important losses. It takes into account the full possibilities 
of the land, as well as the immediate crop, and so protects the capital 
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values. But perhaps the strongest evidence of the superior economy 
of this theory is that with every fire or fire-threatened area handled 
on the basis of insuring minimum damage, the risk of subsequent fires 
is lessened and future losses are reduced. The destructive processes 
of acceleration and attrition which this bulletin has endeavored to 
bring out in their true guise can be checkmated only by fire protection 
planned on such a basis. 


SUMMARY 


Throughout every section of the detailed examination of the réle 
of fire in the forests of the California pine region there have appeared 
two principal phases which may fairly be regarded as major conclu- 
sions of the entire investigation. 

_ 1. Fire in the virgin forests, in restocking brush fields, and on cut- 


' over lands is important not only in the loss of timber resources it 


causes, but also because each fire paves the way for greater and more 
serious losses from subsequent fires. This process of acceleration has 
characterized the action of fires through past centuries and is of out- 
standing importance in the fire problem to-day. As a result of this 
process, each fire, by allowing the invasion of inflammable brush 
species, and adding fuel in other forms, makes future protection more 
costly, more difficult, and more uncertain. 

2. Fires in the virgin forests of the California pine region rarely 
are catastrophes, for they do not wipe out at one stroke the entire 
stand over a large area. Indeed, they are generally distinguished 


by the fact that much of the damage is relatively inconspicuous and 


not immediately evident. But a study of the fires of the past and 
those of the present shows unmistakably that attrition is the inevi- 
table concomittant of repeated fires. This wearing down of the for- 
est is remarkably exhibited in all its varied stages in the California 


pile region to-day, from the well-stocked areas of mature timber to 


the nontimber-producing chaparral. The fire-scarred virgin forest; 
the broken, patchy timber stand of no present merchantability; the 
brush fields with scattered, isolated trees, and small groups of trees; 
the continuous brush fields occupying potential timberland and re- 
stocking only slowly; and finally, pure brush or chaparral, the end 
product, are but the different chapters of the story of attrition. 


The rapidity with which the processes of acceleration and attrition . 
_ operate to reduce the virgin forest to a nontimber-producing chap- 
_arral area varies widely, depending on a large range of factors, the 
‘most important of which is site quality. Kven the lightest spring 
‘surface fires, such as have been used in an attempt to reduce fire 
hazard, exhibit the same destructive tendency toward quality and 


quantity reduction as do the more devastating summer fires. In the 
virgin forest the initial steps of attrition and acceleration are slow; 
but in brush fields and cut-over lands of the present day we find 
these processes in their most destructive and consequential phases, 
since here even a single fire ordinarily accomplishes the annihilation 
of the new forest. 

Through site deterioration effected by centuries of acceleration of 
fire damage and attrition from fire injury, the forest of to-day has 
assumed a definite character very different from what it is popularly 
supposed to be. The general public viewpoint that the national 
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forests of California are large unbroken reservoirs of timber is thus 
not altogether in accordance with the facts. Large areas of these 


national forests must be considered rather as a future source of tim- | 


- ber, depending largely on care and cultivation, than as a source of | 


material available immediately for exploitation. 

Some beneficial uses of fireappear. Instances have been mentioned 
in which fire has beneficially thinned out young growth or assisted 
reproduction in other ways, purely by chance or accident. But 
much more evident from the data here presented has been the con- / 
clusion that in the main the damage from even the lightest fire has 
definitely contributed to destroying the value of timber and timber- 
land. This cost, when truly estimated, has been shown to be greater 
than the cost of fire exclusion. 

That maximum protection or fire exclusion inevitably increases | 
hazard by the encouragement of undergrowth is, of course, true, but 
such added hazard in no way vitiates the reasons for protection. It 
is an additional danger, but one that can willingly be accepted. 

Uses of fire which are contrary to the interests of the forest, such 
as the firing of the forests or reproducing areas for grazing purposes, ' 
are incompatible with timber growing. With rising timber values, 
grazing will doubtless take its place as subsidiary to silviculture. In 
the pine region trees are a far more profitable crop than forage. 
Nor is it by any means proved that fire is the friend of the grazier 
that he has been wont to consider it, whatever the nature of the land 
on which it is employed. 

The old misconceptions regarding the réle of fire in the California 
pine region can profitably be cast out and destroyed alike by the tim- 
ber owner, the possessor of potential forest land, the lumberman, and \ 
the forester. It is to the interest of all who have to do with these \ 
forest areas to recognize that the true rdéle of fire is that of destroyer | 
and that any policy of protection must first insure the highest practi- 
cable degree of protection, amounting to fire exclusion in brush and 
cut-over tracts. It is to their interest further to grasp the economic . 
truth back of such a policy, namely, that protection is not merely a tem- 
ey measure to get a maximum first crop of timber, but that it is 

ar more in the nature of a permanent investment in building up a 
highly productive permanent forest. 

Racace of the progress of forest management and of fire protection | 
itself thus depends on a thorough knowledge of fire damage. The | 
more intensively fire damage is studied, the more evident it becomes 
that a complete appreciation of its importance is fundamental to a 
sound and Sekt philosophy of fire protection. Conversely, failure 
to appreciate in full the réle of fire in our forests may easily lead to 
an inadequate scale of protection which, in its broadest aspect, serves 
merely to maintain the present unsatisfactory condition of our forest 
ogee a condition in itself the outcome of centuries of repeated 

res. 

The present values of second-growth timber and the trend of prices 
upward, as well as the obvious future needs of the country, now 
compel consideration of adequate protection, as a precautionary 
measure for the private owner, and as a public necessity. 
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